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Thb Edition of Appleby's Hand-book of MACfHnnEST, pablished la 1869, and several 
reprints of it haying been exhausted, a New Edition (of which this section forms a portion) is 
now being completed ; and for the convenience of those who desire information on specific 
subjects, but not on all those treated, the book will be divided into eight sections, each of ;whioh 
may be obtained separately as follows : — 

Section 1.— FBIME MOVEBS. 

Steam, Gas akd Aib ENaiNEs, Boilebs, Tubbines, sra 

Section 2.-.HOIBTINa MACHINEB7. 
Winding Enqines, Hydraulio, Steam and Hand Obanes, Winches and Jaoks. 

Section S.-^FUMFINa MACHIITEBT. 

PuMFiNO Engines, GENTSiFuaAL, Steam and Hand Pumps. 

Section 4.— MACHINE TOOIia 
Fob Wobkino Metals, Wood, ETa 

I 

:t Section 5.— CONTBACTOBS' PLANT AND BAUiWAT MATTTOTATiR, 

•^ Inoludinq thb Maohineby and Matebials bequibed fob the OoNSTBUonoN AND Equipment 

OF Railways and otheb Public Wobks. 

Section 6.~COI:iONIAIi AND MANUPACTUBINa MACHINEBY. 

^ Fob Tbeatinq Gobn, Coffee, Bice, Sugab, Ootton, and otheb Pboduots, Oil Mili^ 

Gas Works, ETa 

^ Section 7.— MI SCEIiIi AN£ OU S IBON WOBK. 

^ Bbass Fittinos, Engineeb's Tooifl, and Genebal Stobes. 

Section S.-USEFUIi TABLES AND MEMOBANDA. 

Fob Engineebs, Mebchanis, and Manufactubebs, with Pbices, Weights, Measubements, 

Working Results, Cost of Wobking, etc. 

The complete work will form two volumes of about 900 pages, illustrated by nearly 700 
Engravings. 

The subject matter has been almost entirely rewritten, and the Engravings illustrate for the 
most part work designed or carried out by the Authors* Firm, and now in successful operation. 
Details of design, construction, and proportions will be subject to modification from time to 
time. 

The Prices have been corrected up to date, and are based on the present value of metals and 
labour : they will therefore necessarily be subject to modification if there should be any material 
change in the value of these items. 

Weights and measurements are given approximately, so that the cost of freight, duty, &c., 
may be roughly estimated ; also some data as to the cost of working, the motive power 
required, and the work performed. 

The cost of packing for shipment and delivery to docks varies with the nature of the packing 
required and the destination, but the average is — 

For packing and delivery alongside vessel in London .. .. about 3 per cent, 
ditto ditto Liverpool or Hull .. about 5 per cent, 

ditto ditto Cardiff or Glasgow .. about 7^ per cent. 

The details above referred to are in a handy form for reference, and it is hoped they 

may prove useful alike to Engineers and to users and purchasers of Machinery and Materials 

connected therewith. _ 
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Fig. 1. 
OWPOITBD BEAK EFOnTE, Fig. 1. Ttie experience ^ined with engines of this type 
has sliown such great economy in consumption of fuel anil low coat of maintenance, (hat they 
have been used more than any other for driving the machinery of lai^e milla snd similar works 
in this and other counlriea. The oyliodtrs are high and low preseure, the latter heing about 
four limes the capacity of the former; the beam and connecting-rod shown in the engraving 
are of cajt iron, but wrought iron posaesaeB the advantage of greater strength and liKhtnesa, 
and is now generally used for this purpose. The beam and trunnions are carried on two strong 
girders which are built into the walla of the engme house and supported on oast-iron 
columns as shown. 1 he piaton rods and Tfllve rods are of steel The valves are 
driven by a cam, and the eugiue ia complete witii oandenset, air pmnp, feed pump, goveriiors, 
and heavy fly-wheeL 

Fbices, £c., or CoMFonKD Bbah BKams, Fig. 1. 



Diameter of hlgD-pressurecyliudet 10" 

Eevolutiona per minute 

Price of engine 

Apprraimate consumption of coal' 

in Iba. per hour . . 
Average evapomtion of waler perl 
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Approximate weight in lona 
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» according to circumstanoea, but will seldom exceed 
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is fonned of two wrought-iroD plates having bosses fastened to them where required; this 
construction is essentraliy safe and much lighter than a cast-iron beam, the weight of which 
frequently presents difficulties in transit. The piston rod is of steel, and is fitted with a 
metallic piston ; the slide valve is driven from a lay shaft, and has a steel rod. The connecting- 
rod is of wrought iron, with strap ends fitted with gun-metal bearings. The crank shaft has an 
outer bearing, and carries a heavy fly-wheel ; and the engine is complete with governors and 
all usual accessories. The extra cost for condensers for these engines is about £5 per horse-power. 

Pbices, &o., of Single-ctlindeb Beam Engikes, Fig. 2. 



Nominal horse power of engines . . 

Diameter of cyhnder 

Stroke of piston . . . . . . . . . . . . • . 

Revolutions per minute 
Price of engine .... 

Average consumption of coal per hour at 45 lbs. steam pressure 

„ evaporation of water ^ „ „ 

Approximate weight in tons when packed 

„ measurement ia cubic feet when packed . . 
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380 


480 


540 



Packing for shipment from 2} to 5 per cent. 

EOBIZORTAL HI0H-PBE8SUBE COHBEKSINO EHGINE, Fig. 3. The greatly increased 
cost of fuel, and the growing demand for engines which shall be economical in use as well as 
moderate in first cost, has led to the use of many engines of the design shown in Fig. 3» in 
which the details of construction have been most carefully considered ; and the high duty which 
has been obtained from these engines fully demonstrates that commercial economy is to be 
found in perfection of design and workmanship rather than in a low first cost. The cylinders 
are made of the best grey iron and are felted and la^rged with mahogany, the large sizes being 
steam jacketted ; the \;alve chest is the full length of the cylinder with double sets of ports and 
valves, one at each end, which saves the waste caused by filling the long ports with steam at 
each stroke. The expemsion gear is very efficient in its action, and is so arranged that the 
point of cutting of the steam supply can be varied whilst the engine is running by a hand 
wheel placed at the back of the slide jacket, an index showing the point of cut-off. The 
glands are all of great length and bushed with gun metal ; the guide blocks are extra long, and 
work in two pairs of double guide bars, the bottom bars being planed to form oil channels. 
The centre line of the engine is brought down as near as possible to the level of the bedplate, 
in order to give increased stability. The length of the connecting-rod is about two and a half 
times the stroke of the piston, and is forged of scrap iron, the crank pin end being solid, and 
fitted with gun-metal bearings, adjusting key and lubricator ; the crosshead end is also fitted 
with gun-metal bearings, cotters, and lubricator. The crank shaft and crank are of hammered 
iron forged in one piece, the shaft being turned and the crank shaped all over. The crank shaft 
runs in gun-metal bearings of great length, the bearings being made in four peices and 
adjustable in all directions. The fiy-wheel is of ample weight, turned on the face and edges, 
and securely keyed to the shaft with steel key. The crosshead is of wrought iron, cottered 
to the steel piston rod. The piston is metallic, fitted with cast-iron rings and steel springs. 
The air pump is placed on the bed plate directly behind the steam cylinder, the piston or plunger 
(as the case may be) being coupled to tie piston rod, which passes through a gland in the 
back cover of the steam cylinder. The air-pump chamber is so arranged that it can be used 
as a jet condenser, or in situations whei-e water is scarce it can be employed in conjunction 
with an evaporative condenser illustrated in Fig. 13^ p. 17 ; in the latter arrangement the 
plunger piston is naturally considerably smaller than in the former. The valves of the air 
pump are india-rubber discs working on gun-metal grids, and having gun-metal gfuards. 
The feed pump is on the side of the cylinder opposite to the valve box, and is worked from 
tlie crosshead, and is fitted with gun-metal clack boxes and valves. A water heater is frequently 
placed between the exhaust brancli on the cylinder and the condenser, as shown in Fig. 3, and 
the water, which is drawn from the hot well at a temperature of about 80°, is passed through 
the water beater and raised to 200° before entering the boiler. The speed of the engine is 
regulated either by a throttle valve actuated by improved high-speed governors as shown in 
the engraving, or by a Porter's governor ; or, at the cost indicated in the list, the governors 
can be connected with the valve motion so as to form an automatic cut-off. Engines up to ten 
horse-power have only one set of steam ports, the shortness of the ports rendering the ^ aste of 
steam inconsiderable. 
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Prices, &c., of Horizontal Condensing Engines, Fig. 3. 



NomlDol horse power of engine 

Diameter of cylinders 

Length of stroke 

Number of revolutions per minute 

Average consumption of coal ] 
hour at 45 lbs. steam pressure 

Average evaporation of water ] 
hour at 45 lbs. steam pressure 

Price of engine with condenser 
„ „ without „ 

Price of condensing engine and suit- 
able Cornish boiler . . £, 

Price of automatic expansion gear| 
extra .« >• •> £) 

Approximate weight of condensingl 
engine in cwts. . . . . . . / 

Approximate measurement in cub. ft. 
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The cost of packing is from 3 to 5 per cent. 



EOBIZORTAL HI0E-PBE8SUBE STEAM ENGINE, Fig. 4. This type of caigine, having 
no condenser or expansion gear, is necessarily less economi^Ekl ia consumption of fuel than that 
last referred to ; the results obtBined, however, compare favourably with many engines of a more- 
costly character. The centre line of the cylinder is kept as near to the top •f the bedplate as 
possible in order to insure stability, and all the working parts are easy of access; the whole is- 
mounted on a sti-ong cast-iron bedplate, and bolts are provided for securing it to a foundutioo. 
of stone, brickwork, or timber. 

The cylinder is of hard grey metal accurately bored, and has turned flanges and bright 
covers, metallic piston fitted with wide cast-iron split ring, steel springs and gun-m£tal tongues ; 
the piston rod is of steel working through a stuffing box of ample length, and is txml^ cottered 
into the crosshcad which ia got up bright. 

Tbe connecting-rod is of hammered scrap iron turned and shaped bright, aad hofbu ends 
are fitted with wrought-iron straps, gun-metal bearings and adjusting keys. The guide 
blocks are of ample length, and work between two pairs of guide bars, the lower liar of each 
pair being planed to form an oil trough. The feed pump has gun-metal valves and valve 
box, and is of ample dimensions for feeding the boiler. Tiie crank shaft is of hammered Eerap 
iron turned bright, and carries a heavy cast-iron fly-wheel ; it is also left long enough to take 
the strap pulleys or gear required for transmitting the power of the engine. The diso 
plate is of cast iron, turned on the face and ed<^es, and is firmly keyed to this shaft by 
a sunk steel key.^ The slide valve is planed and scraped on the face, and is fitted with a steel 
spindle and driven by a cast-iron eccentric with gun-metaJi strap and wrought-iron rod. Tke 
speed of the engine is regulated by a throttle valve and lo\if-speed governors, but a Porter's or 
other high-speed governor is supplied at a slight extra cost. 

These engines may be fittM with link reversing motioii^s or with expansion gear adjustable 
by a hand wheel at the back of the valve chamber whilst the engine is running, or by an 
eecentric which can be shifted on the crank shaft, or automatically from the governors. The 
extra cost varies from £8 to £50, according to the size of the engine and the kind of gear 
adopted. 

The boih rs usually employed are of the Cornish type, the smaller sizes with one, and the 
larger with two tubes; in all cases they are of ample size and strength, made of the best 
materials and workmanship, and are furnished with all mountings necessary for safety as well 
as for efficient and economical working, including- glass water-gauge, gauge cocks, patent 
steam-preesure gauge, double safety valve, fusible plug in the crown of the flue, blow-oflf cock, 
Ac, &c. Special attention is directed to the water heaters described at p. 66. and to the 
remarks on the great saving in fuel which is effected, by heating the ieed, w^^K before it passea 
into the boiler. 
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PBICEj, &C.. or SlNOLBHTILItlDBB HOBtZOHTAL HlGH-P&BSCBB BtEAH EHOINES, Fig. 4. 



Nominal bono power of engines 


4 


8 


8 


10 


13 16 ' 20 


«'.o 


40 


50 


Diameter nfoylinJet 


61" 


8" 


0" 


10" 


12" 14*" 16" 


18" , 20" 


22" 


24" 


Length of stroke 


12" 


14" 


18" 


20" 


24" j 2f' 1 36" 


36" ; 36" 


48" 


48" 




150 


125 


90 


85 


80 80 ' 50 


50 1 50 


40 


40 


F¥iC8 of engine .. £ 


57 


82 


lOii 


126 


150 200 ■ '242 


333I3SS 


500 


620 


Price of suitable ComiBh boikt aodl 
fittings £/ 

liontat451bB. / 


73 


SI 


108 


120 


144 


180 230 


275 


337 


365 


460 


32 


42 


5G 


70 


8-1 


112 ' 136 


172 


205 


275 


340 


Averugi! evRPoratton of - walec per 
hoorat45llM 


22 


30 


40 


50 


CO 


80 100 


125 


150 


200 


250 


■packed, in cwtfl. .. 
Approiiiiioto meaeurement of enginel 
in cubic ft. .. .. .. -J 


18 


45 4S 


SO 


70 


100 115 


130 


160 


231 


280 


40 


S3!». 


95 


145 


215 215 


260 


280 


400 


480 


andflttingiittcwls / 


26 


IS 50 

i 


57 


70 


115 120 


140 


230 


240 


280 



maH-FBXSSUBS HOBIZOHTAI. steak mrolRB, Fig. 5. from 1 to 6 borae-pomr, with 
wrougiit-iron bent crank, high-sfieed gnvernorsi, feed pump, and fly-wheel. Theae ensrfnea are 
w. 11 dciii^ned and carefully fitled in the working parts, but saperflnoua finish ia avoided in 
order to reduce the cost as far as praclicable. Engines of this type are niocb aaed for 
nnmetuuB purposes wliere a fixed engine of moderate power is reonired in boibII tactoriei, for 
driving printing pnsBes, pumps for raising wnter or for working hydranlio preases, and 
many olher operations in which etenm power will be far more economical than manual 



The coat 



r steam pipes between engine and boiler is not inolnded in tbe subjoined 
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PmoEH, &o., Of Shall Horizohtal Steau Enoeheb, Fig. t 



Nominal hoKe power of engine .. 

DiBmetetofcyl&ider 


1 


2 


5f 


3 


4 


6 


34" 


H" 


Si" 


6i" 


8" 


Length of stroke 

EevolutionB per minnta .. 


7" 


7" 


9'' 


10" 


11" 


15" 


200 


SOO 


160 


150 


135 


100 


Price of engine only 

Price of engine and yertical boiler 


£19 15 


£21 


£26 10 


£32 10 


£18 


£72 


£53 


£63 




£83 


£111 


£160 


Apptoximatfi weight in cwts. 


5 


6 


H 


3 


10 


12 


„ shipping measiite-l 
ment in cubic ft. J 


10 


12 


19 


16 


20 


25 



Fig. e. 

TEE TEBTICAI HI0H-nXBBnBE BTK&II EiroiHE, Fig. 6, occnpiea less space then ft 
horizontal engine, but at a, eacriCcc of a certain degree of stability. 

The ^Tnes and all tho working parte of the engine are mounted on a strong cast-iron 
bedplate, and the whole is easily erected on a brick or timber foundation ; in fact in some cases 
they are simply bolted to the floor of a warehouse, and set to work without any other 
foundation. The cylinder is of hard grey metal, and is fixed to the bedplaic by the top ilange 
in order to keep the centre of the crank sliaft as low as possible, and fitted with metallic pislon 
wiOi rings and springs. The piston rodia of stool, and is carried forward beyond the crosehead to 
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ham a guide as shown. Tbe connectiiig-Tod is of wToiigbt iron, forked end fitted at each end 
wiUii gun-metal beariogB. The crank and oraiik eliaft aro uf trrangbt iron, the latter Tuiming- in 

eununeT blocka, fitted with adjustable gun-ntetal bearingii. A heavf cast-iron fiy-wbetl is 
lyed on this uukCl, and the end is uauall]' (but not iioceaiaril}') carried in a nail box. The 
slidu valve is driven bj an eocentrio nitb gunmetal atnip, tbe Bame eccentric also working the 
feed ]>ump. The engine is fitted with slow-speed governorB, but high-speed governors ean be 
substituted if deaired, and link leversing motion can hn fitted lo the engine at a slight 
additional cost 

The prices, Ac, of these eugities and suitable botleis are the same as the horizontal engiiiM, 
Fig. 4. 



Fig. 7. 

THE SMALL YZBTIOAL BTE&K EltOnn, Fi;;. 7, with Inverted cylinder, from a 

photograph of a 4-boTBe en^ne, illiiBtrateB a consbnolion which ia vray compact and stead; In 
working. The cylinder is of liard cast iron fitted wiih metallic piston with rings and springs. 
The piston rod is of steel cottsred intn cast iron adjnstaMe guide block working in bored 
guides. The connecting-rod is of wrought iron fitted with gnn-metal bearings. The wiought- 
Iron crank pin is fixed in a cast-iiOQ balanced disc plute, and the cnuik shaft U of wrought iron, 
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Pbiobs, ic„ 


BUAL 


Vbbtkjal EsQisEa, Pig. 7 








Ncmioal horse power 


U 


2 


3 


4 


6 


8 


10 


12 


Diameter of cflioder 


3i" 


a- 


Si- 


61" 




9i" 


lOJ" 


111" 


Lenglh of stroke 


6" 


T 


Si" 


10" 


U" 


16" 


18" 


20" 


Nnmbei of revolutiona per minute 
Price for engine with fed pump 


2.i0 


20t) 


180 


150 


110 


95 


85 


80 


£38 


£42 


£52 


£60 


£90 


£124 


£150 


£175 


Approximate weight in cwta. 


5i 


6i 


" 


17 


28 


39 


53 


65 


„ ^shipping meaanie-l 
mcnt ID oubic ft. .. ..j 




13 


23 


84 


56 


78 


106 


130 



For boilera see pagaa 51 to 64. Packing for sliipment about 5 per cent extra. 



BKAIL INTEBTEI) TXBTICAL ENGUTE Ain) SOILXB OR FOimDATIOIt PLATI, Fig. 8. 

The engice is similar to that ehowu in Fig. 7, eicepting ttBt it haa a elow-apeed governs, 
BD'lis mounted with its boiler on a afrong cast-iron bedplate. This airangement is compact, 
and the weight being dietribnted over a oonaideraUe area, no apecial fonodation is required. 
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It can be fitted vith link reversing motion at a alighll; increased oost, and vith govemott 
similai to those shovn ■□ Fig. 7. Ttui boiUr lias the Osual mountings, including tafaty valve, 
stettro-piessare gauge, glass water gauge, &o., and ll.e whole is complete ready for work. 
Fbices, &c., of Small Invested VEBTiciL ENoniES and Vehtical Boilers, Fig. 8. 



Nominal horse power 
Diameter of cylinder 

Length of Btroke 

Number of revolutions per minute 
Price compleU, as shown .. 
Approiinuite wt ight in cnla. 

shipping measnre-^ 
ment in cubic ft. .. ..J 


250 
£78 
15 
30 


2 
4i" 

7" 
200 
£91 

25 

50 


5i" 

% 
£120 
36 
72 


4 

f 

150 
£143 
50 
100 


6 1 3 
8" 1 11}" 
11" j 16" 
110 ' 95 
£180 £228 
67 80 
130 160 


10 

65 

£286 
90 
ISO 


12 

80 
£310 
100 
200 



The cost of packing is about 5 per cent. 



ehaft above, the whole being mounted on a utrong casl ._ 

masonry or timber. The cylinder is of hard grey cast iron fitted with metallic piston w 
rings and springE. The connecting-rod is of wronght iron with fniu-mstal head, and the 
guide block works between adjustable V guidee. The engine is fitted with a simple reversing 
disc by which it can be eesily made to run in either direction, and is complete with wrought- 
iron bent crank abaft long enongh to take power from either end, heavy fly-wheel, governor, 
and gnn-metal feed pump. The eogiue and boiler. Fig. 10, stand OQ a hoUow otat-iron base- 
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plate which forms a feed-water- tank. The boiler is of ample proportions, and is fitted with 
all steam and furnace mountings necessary for working with efficiency, economy, and safety. 

Prices of Small Vebtioal Engines and Boilers, Figs. 9 and 10. 



Nominal horse power . . . . 

Diameter of cylinder 

Length of stroke . . . . • • • • 

Number of revolutions per minute 
Price of engine only .. «• 

,, „ and boiler . . . . . . • . 

Approximate weight of engine in cwts. . . 

with boiler (Fig. 10) 
„ measurement of engine in cubic ft. 

,, ,, „ with boiler 



1 

4" 

6" 

230 

£33 

£69 

8 

18 

16 

38 



2 

5" 

8" 

180 

£41 

£90 

15 

30 

30 

66 



3 


4 


5 


6 


6" 


7" 


7i" 


8i" 


9" 


10" 


12" 


12" 


150 


150 


140 


140 


£52 


£66 


£74 


£82 


£115 


£138 


£164 


£186 


21 


26 


32 


35 


42 


52 


65 


70 


42 


62 


64 


70 


85 


105 


136 


150 



The cost of packing for shipment is usually 5 per cent. 

THE DOUBLE-CYLIirBEB VEBTIOAL ENGINE ANB BOILEB ON BASEPLATE, Fig. 11, 
is adapted for use in situations where space and cost of erection are important considerations. 
The cylinders are inverted and are carried on two strong cast-iron A-shaped frames ; the slide, 
valves and boxes being on the outside are readily^ accessible. The wrought-iron crank shaft 
is fitted with three wide adjustable gun-metal bearmgs, and long enough to take a broad strap 
pulley outside the fly-wheel and one at the opposite end if desired. A cast-iron cross stretcher 
connects the two A-frames about midway between the cylinders and the crank shaft, and 
carries a pair of cast-iron feed pumps with gun-metal boxes and valves ; the plungers working in 
these pumps are a continuation of the piston rods beyond the crosshead, and form the piston-rod 
guides. The connecting-rods are of wrought iron forked to miss the pumps, and fitted at each 
end with gun-metal bearings, wrought-iron straps and cotters. The governors are outside one 
of the frames directly over the crank shaft, and are driven by a strap and conical speed pulleys. 
The boiler is vertical with two or more cross tubes in the fire box, and fitted with all the usual 
mountings including safety valves, pressure gauge, glass water gauge, gauge cocks, manhole, 
mudholes, &c. The engine and boiler are fixed on a cast-iron baseplate, and the whole may be 
bolted to strong timbers or put down on a bed of masonry or concrete. These engines are 
sometimes mounted on a cast-iron feed-water tank, especially when a timber foundation is 
used ; the extra cobt is about 7| per cent. High-speed governors, or link reversing motion if 
desired, can be fitted. The cost of the latter will be found in the annexed list. 

Prices, &a, op Double-otlinder Vertical Engines and Boilers, Fig. 11. 



Nominal horse power .. •• ..... .. 

Diameter of each cylinder .. .. .. .. 

Length of stroke .. 

Number of revolutions per minute 

Price of engine and boiler as shown .. 

Price extra for link reversing motion .. ,,, «. 

Approximate weight, packed, in cwts 

„ measurement in cubic ft» 



8 


10 


12 


16 


Gh" 


7" 


8" 


9" 


12" 


14" 


15" 


15" 


125 


105 


100 


100 


£270 


£315 


£385 


£470 


£18 


£20 


£22 


£24 


80 


90 


100 


120 


800 


380 


460 


550 



Packing for shipment costs from 3 to 5 per cent. 

VEBTIOAL STEAM ENGINE ON BOILEB, Fig. 12. The steam cylinder is bolted to the 
boiler, and no foundation or bedplate is required excepting the circular feed-water tank (of 
about the same diameter as the ooiler) on which the whole is mounted; it may therefore be 
placed on a brick or timber floor, and immediately set to work. A very large number of 
engines of this type have been in hard and constant work for many years past (amongst others one 
was used by the Authors in their own works), and they have given most satisfactory results 
both as to stability and durability. The cylinders are of best grey cast iron, finnly bolted to 
the lower part of the boiler, accurately bored, and fitted with metallic pistons and steel piston 
rods. The end of the piston rod is continued beyond the crosshead, and works in a guide 
bracket bolted to the boiler. The connecting-rod is of wrought iron forked to miss the guide 
bracket, and fitted at each end with gun-metal bearings, wrought-iron straps and cotters. The 
wrougbt-iron crank pin is case-hardened, and firmly fixed in a cast-iron balanced crank plate which 
is turned bright all over. The wrought-iron crank shaft runs in gun-metal bearings carried on 
the top of the boiler, and is left long enough to take a strap pulley beyond the fiy-wheel ; the 
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out of the oeotre to leave Toom for the engine wnik, and Ihe boiler !a fitted with all moantinga 
neceBssTj for ita eafe and economical working, including gefety valve, pressnre gauge, glass 
water gange, gau^ cocks, fusible plug, £c. 

When the engine is required for constant work, the boiler and ojlinder should be felted and 
lagged as shown, and prices are given both with and witbont lagging. 
Pbioes, 4o„ of Vbrticaij 8te*ji Enoihw o: 



JuiLCBS, Fig. 12. 



Nominal horse power 
Diameter of oylindar 

Length of stroke 

Number of revolutions per minute 
Price oomplet^ with la^ng as shown 
Price without Uggita^ 
Approximate weight in owts. 

it in onbic ft. 




Cost of jXLcking fur shipment from 
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PATEHT EVAfOBATIVE BUBFACZ COinJEBSEB, Fig. 13. This ejttem iaicyaJwLble whera 
the supply of watei is limited or costly, a, good vacuam being mainlBined with a consniiiplian 
of water which is altngether aaattaiDabia by any other method of condensation. TbeBO 
conditions exist in London and in many large towna, bb well as in all countrica where water 
enitable fill' feeding boilers is acan», and fuel eipenaWs. Tho Authors have carefully tested tLe 
appeiatns at their own works in Loudon, where they have applied it to a single-cylinder 
horizontal engine; the condenser liaa now been at work for some time, and the saving in fnol 
has been at least 20 per cent. This ia sufflciontlr important in itself; but there is the further 
great advantago that the scale on the boiler, which fcinnerly caused grent inconvenience, has now 
almost entirely diaappuared. The conatruction is remarkably simple, and the absence of any 
element liable to derangomont ronilers this syatiiin of cimdetisation specially valuable in 
isolatid places in connection with ateam engines, Tacnnui pana, Ac. 

The condenser consists of a number of copper tubes with cast-iron boxes at each end, and 
a copper (rough with serrated edges at the top, as shown in Ibe engraving. The steam to 
be condensed ia admitb'd Into the cast-irOD boxes, and spreading ihiougli the copper pipes 
the condensation ia effected by a shower of water flowing over the serrated edges o( the 
copper trough and trickling down over the exterior of the pipes. Thus the condensing water 
is converted into steam, and absorbs not oi.ly its proportion of aeneible heat, but also some 
]atentheat,producingatleastflvetimea greater effect than is obtained by injection. The water 
lost by evaporation outside the tubes is only equal to that produced by the condensation of 
the steam within them, and the consumption of water ia but little more than ia required for 
an ordinary high-pressure engine of equal power, because the condensed water ia returned 
to the boiler in a healed state, and so ia uacd again. The apparatua may be at a conaiderable 
distance from the engine, and the more exposed the situation tiie belter the result obtained, 
the atmosphere assisting to soma extent to maintain the vacuum. 

The cost of the condenser ia about £7 per nominal horse-power of the engine, but the total 
cost will neceasarily be affected by the distance between the engine and condenser, the facilitira 
for obtaining a supply of water, and other ciroumstanoes. The data required for estimating the 
size and coat of the condenser required is furnished by an indicator diagram, or if that cannot 
be obtained it will bo necessary to give — 

The temperature of steam us it leaves the cylinder, or the initial pressure and point of 

The diameter, length of stroke, and number of revolutions made by the engine. 
The position of the condenser relatively with the engines. 

These condensers may be applioi to almost any existing high-pressure engine, or a number 
of engines may be connected to one set of condensers : in the latter case a group of cast-iron 
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ripea fiied verti cully give ayeryeicelUnt result, but the quantity of condeneing water reqnirod 
IB lai^ei tbaa if thin copper, pipes of Bmall diftmeter fere ueed. A further and very marked 
ecoDomj Id the coDfiumpiion of fuel ia obtained by using a iratar heaioi (see Fig. S5, p. 61J), 
whioh is fixed between the engine and the condeuser. 

SA.Trir8 BYPaOH COHSENSEB, Fig. 14. The advaDlageB claimed are, that do air-pump 

being required there is an economy of ]0 per cent, in tbe fuel uousumed, aa cooipareil witli an 

ordinary jet condeufier with its air-pump, Ao., or of 25 per cenl when it is applied to a high- 

^^^^^B^ pressure non-condensing engine. 

The coat is about 2». dd. per 

circular inch in area of the steuia 

cylinder, lierefore the cost of a 

Sault's Condenser for an engine 

vilh a Hi earn cylinder 16 inches 

diameter is £32 ; this comparea 

favourably with the cost of nay 

of the condensers in general use. 

As there are do valveB or 

moving parta there is uo wear 

and tear, und the arrangement 

is so simple tliat it is easily 

understood and worked by any 

ordimiry engine-driver. 

Another advantage is, that 
one of these conJeusers can 
uauolly be fixed without inter- 
ference with the ordinary work- 
ing hours of a factory, the eon- 
nectJon with the engine being 
made in one night. 

Where more power is required 
the increaae in us^nl effect ob- 
tained from a liigh-presaure non- 
apparatus has been fitted, will 
trequen tlyprovidetheadditional 
power without putting down a 
new engine, and without an in- 
creaaeinthe consumption offmi, 
A aniall pump is required 
to lift the condensing water, 
but the power to ilrivethis is less 
than lOperceni of that required 
to work an air pump; and nl- 
thonghatfirstatarting the pump 
baa 10 lift the water to the con- 
denser b, after avacuumiscreated 
it only has to lift it (the water) 
abont 5 feet, the vacuum draw- 
ing it the rest of the way. The 
, eoniienser is fixed abont 31 feet 
above tlie wat«r in the over- 
fiow or hot well. 

This condenser is euitable for 
application lo sugar pans, oil 
stills, or any apparatus requir- 
ing a vacuum. The exhaust from 
the engine or vacuum pan is 
conducted by the pipe a to 
the lower part of Ihe condenser 
B. Tbe injection from the pump 
or other supply enters through 
the pipe □, and is caosed by a 
Fig. 14, pprforateddiaphragmtodescend 

on the exhaust in the form of 
rain; as the steam is condensed, its water and the injection wat^r fall by the small pipes 
E E B into the hot well r. The feed water for boiler can bo taken fiom this hot well at a 
temperature of SO to 100 degrees Fahrenheit. 
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COHDEITBEB, Fig. 15, bas now baen thoronghlj tested, tad proved to be 

valuable adjunct to the high-presflure steaia engine. It oaa be readily flied to aaj eiiatrng 

eagiae, and the results obtained 

ehow coaaiderablo increase m 

power, without a corrcapondirig 

iDerease in the cooauniption of 

fuel. 

No atj pump is required, and 

indeed when it has replaced 
ordinary condensers with air 

pumps, it bss effected considei- 

able Baring of coal. The action 

is very simple. The condenser 

consists of two ohambers, one : 

over the other : the exhaust 

fetaam from the engine is admit' 

ted to the uppei chamber, and 

is tliere condensed by contact 

witli the injection water, which 

is brought in at the top, and 

mnde to fall in a perforated plate, 

which pmducesa lain-Iike spray. 

The condensed steam and in- 
jection water is drained away by 

alternately creating and destroy- 
ing a vacuum in the lower cham- 
ber. This is accomplished by 

first opening a valve, and ad- 
mitting a small quonlity of 

steam at a very low pressure (1 

or 2 lbs, per square inch), and 

then opening a valve to admit 

oold water; these two valvee are. 

actuated liy tappets geared ap 

tea shaft to produce seven stnibes 

per minute. A remarkably 

steady vacuum of about 28 in. ■ 

is obtained with about half the 

water used in the ordinary jet 

cnndensct, and the condenser 

will draw its own water from 

any depth up to 27 ft. Suit, 

muddy, or even sandy water 

mity be used, if pure water 

cannot be obtained. The cost 

of the coodenser for engines ap 

fo 25 horse-power, is £5 for each 

inch in the diameter of cylinder, 

and for larger aizes £4 10».; but p.^^, ,^ 

they arfl not made for smnller 

than 13-in, cylinders, One of 

the^e condensers is slated to have 

another mill the owners certify a 1 

EOBTIHG'S JEI COHSEVBEB, lilie the foregoing, requires no air pump, and con easily be 
fiied to an existing engine. No valves or tappets are iijquived to get rid of the condensed 
steam, and tlie engine driver has only to turn on and otf the water and air valves when 
starting and stopping the engines. Thirfy-flve sizes are made, and the system is equally 
applicable to large or small engines. The price varies from £7 to £200, the largest size being 
suitable for ei^iLcs of 400 horse-power. 

HOUUITS COmiENEXBB ARD SAXBY COM I)SN SEES are specially designed for nse ia 
conjunction with direct-acting steam pumps or other pumping engines, but there are ouMB 
where they may be advantageously applied to hiRh-pressiire non -condensing enginea. 
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They both effect a large saving in the consumption of fuel* and get rid of the exhaust steam, 
which is often a 8eriou0 nuisance in mines and underground workings. 

Pbicbs of Holman's Patent Condenbebs. 



Diameter of steam cylinders 
Diameter of pump .. 



7" 

3" 

£6 10 



12" 
4" 
£9 



14" 
6" 
£12 



21" 

8" 
£18 10 



32" 

10" 

£30 



Pbices op Saxby's Patent Condensers. 



9 

Diameter of steam cylinders .. 

Prices 

Prices of two-way valve for ditto 


8" 
£10 

£2 


10" 
£15 
£3 


12" 

£20 
£4 


14" 

£25 

£5 


16" 

£30 

£6 


18" 
£35 

£7 


20" 

£45 

£8 


24" 
£55 

£9 



LOCOHOTIVES. — Probably no subject in connection with railway practice has been so. much 
discussed, and certainly on none has there been so wide a divergence of opinion, as on that 
of gauge. The question has, however, long ago passed from one of theory to that of practice, 
and the results obtained from the narrow-gauge lines, mostly of one metre, or of 3 ft. 6 in. 
gauge, which have been made in India, the United States, South America, many of our own 
Colonies, and in almost every country in Europe, have at least shown that under some 
conditions these gauges can be used with marked advantage. Mr. Fowler's investigations 
prior to his very able report on the Indian Bailways, led him to recommend a 3 ft. 6 in. gauge, 
mainly because that appeared to him to be the narrowest gauge for which really well-desig^ie^ 
engines and rolling stock could be built, and that relatively with the dead weight, a larger 
carrying capacity was attained than with any other narrow gauge. He has since then adopted 
this (3 fi;. 6 in.) as the gauge of the Soudan Bailway, the whole of the materials for which 
are supplied' by the Authors, and some illustrations are given of the rolling stock, &o., made 
from Mr. Fowler's designs. 

Narrow-gauge lines from 2 ft. 8 in. to 3 ft. 6 in. have also been used by contractors ; and 
the low total cost of road, locomotives and rolling stock, as well as the facilities which the 
narrow gauge affords for running to tip on a narrow bank, or for use on staging, &c., in the 
constraction of harbours, breakwaters, and similar works, have proved most advantageous 
wherever it has been adopted. The illustrations and descriptions are only intended as an 
indication of the types of engines which the Authors have been called upon principally to 
supply, and which can usually be sent away at a short notice. 

SIX-WHEELED TANX LOGOHOTIVE, Fig. 16. Engines of this type are made of the 
several powers enumerated in the subjoined list, and for almost any gauge, without material 
alteration ia design or arrangement ; but that selected for illustration is for 4 ft. 8^ in. gauge, 
the cylinders are 14 in. diameter by 22 in. stroke, and it will haul a load of 500 tons on the 
level. The saddle tank contains 1000 gallons of water, and the coal bunk carries one ton, 
sufficient for a run of 36 miles; the weight empty is 24 tons, and when in running order, the 
engine weighs about 32 tons. 

The barrel of the boiler is 9 feet long by 3 ft. 5 in. diameter, and has 140 solid drawn brass 
tubes If in. diameter; the shell is made of best plates, g in. thick, and the outer fire-box 
plates are /j in.; the boiler is stayed for a working pressure of 120 lbs., and is tested by 
hydraulic pressure to 200 lbs. per square inch. The internal fire box is of best hammered copper, 
I in. thick, excepting the tube plate, which is \\ in. thick. The side frames are J in. tliick, 
and are shaped out of the solid. The wheels are 4 ft. diameter and have weldless steel tyres, 
the flanges of the middle wheels being turned thin to facilitate passing round sharp curves. 
The axles are of best hammered scrap iron 5^ in. diameter in the journals ; the axle boxes are 
of the usual construction, and are provided with efficient means for lubrication. The cylinders 
(14 in. by 22 in.) are of best cold blas>t cylinder metal. The pistons are fitted with 
Bamsbottom steel springs. The pibton rod^^ are of best hammered scrap iron, and are 
cottered into wrought-iron crossheads ; the cylinders are fitted with lubricators and waste-water 
cocks with levers. The connecting rods and coupling rods are of hammered scrap iron, and have 
heavy brasses secured by adjustable cotters. 'J he slide bars are also of best hammered iron, 
and are case-hardened. The engine is complete with feed pump and injector, a powerful 
screw brake, sand box on each side of the boiler, and cab over the footplate. The buffer 
beams are of best well-seasoned English oak, and the bearing springs, spring buffers, draw 
springs, hooks, coupling chains, &c., are all of the best quality. Each engine is supplied with 
a tool chest containuig a set of spanners, one moveable spanner, one copper hammer, one lead 
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hammer, one hand hammer, two hammers, three files, three chisels, spare gange glass, two oil 
eans, and one crow-bar. A complete set of firing irons and shovel is also supplied. 

Pbigbs, &o^ of Tank Looomotiyibb, Fig. 16. 



Diameter of cylinder 


9" 


10" 


11" 


12" 


13" 


14" 


15" 


16" 


Length of stroke . . 


14" 


18' 


18" 


18" 


20" 


20" 


22" 


22" 


Number of wheels . . 


4 


4 


6 


6 


6 


6 


6 


6 


„ „ coupled 


4 


4 


6 


6 


6 


6 


6 


6 


Diameter of driving wheels 


2' 6" 2' 10" 


8' 1}" 


3'!}" 


3' 6" 


4'0" 


4' 6" 


4' 6" 


Length of wheel base 


5' 0" 1 4' 9" 


9' 6" 


9' 6" 


9' 8}" 


12' 0" 


13' 3" 


13' 3" 


„ engine over buffers . . 


16' 6" 1 19' 6" 


23' 0" 


23' 0" 22' 6" 


28' 0" 


28' 0" 


28' 0" 


Price of engine complete in run-V £qqa 
ning order . . . . « . /i 


£1000 


£1200 


£1300 £1450 

1 


£1650 


£1850 


£2000 


Weight of engine, empty, in tons 
Measurement in c. ft. when packed 


9 


10} 


llf 


14f 


17f 


24 


26 


27f 


800 


1100 


1100 


1500 


1800 


2700 


2900 


3200 



TAHK LOOOHOTIVS, 2 ft. 8 in. gauge. Figs. 17 to 19. The engravings and the sub- 
joined description of this engine are copied from Engineering of January 20, 1871. Since 
then many engines of this type have been made, and they have fully borne out the opinion 
expressed by the writer of the subjoined extract : — " This little eng^e has outside cylinders 
** 8 in. in dianieter, with 15 in. stroke, these cylinders being placed at' an inclination of 1 in 5, 
*' and being situated at a distance apart, transversely, of 4 ft. 2 in. from centre to centre. The 
** engine is carried on two pairs of coupled wheels 2 ft. 3 in. diameter, and placed 5 ft apart 
^ from centre to centre, this short wheel base being adopted to allow the engine to traverse 
** freely the sharp curves met with on the line. The valve gear is arranged externally, as 
" shown in the perspective view, the eccentric being placed on an overhung crank. The 
*^ boiler is 2 ft. 8 in. in diameter inside, and 7 ft. 6 in. long from smoke-box tul^plate to back 
'* plate of fire-box casing. The fire-box casing is 3 ft. 6 in. long, and extends 2 ft. 11 in. below 
" the centre Hne of boiler at the front, and 1 ft. lOJ in. at tlie rear end. The width of the fire- 
*' box casing at the lower paii is 2 ft. 2 in., its form being shown by the transverse section. 
*^ The fire box is 3 ft. long by 1 ft. 8} in. wide, and has a mean height of 2 ft. and ^ in. above 
the fire grate. The boiler contains 72 tubes, 1} in. diameter by 4 ft 2 in. long between the 
tube plates, the external tube surface being thus 117^ square ft. The fire-box surface is 
about 23} square ft, thus making the 'total surface 141 square ft. The grate area is 5*13 
square ft. The engine has inside and outside frames, the total width outside being 5 ft. 3 in., 
*^ and the total length over bufier beams 12 ft. 11 in. The arrangement of the springs, and 
** details generally, are so clearly shown in the views we publish, that it will be unnecessary for 
** us to describe them. The fuel is carried in bunkers arranged at the sides of the fire box, and 
** the water in a tank at the trailing end. The boiler is fed by a pair of injectors, arranged as 
" shown in the perspective view. Altogether Messrs. Appleby Brothers have produced a handy 
•* little engine, which will no doubt do its duty well.** 

The engine with 8-in. cylinders takes a load of about 80 tons up an incline of 1 in 70 ; those 
with 9-in. cylinders will draw about 100 tons on the level. 



it 



Pbices, &o., or Tank Locomotives, Figs. 17 to 19. 



Diameter of cylinder • 

Length of stroke .. .. •• •• •• 

Number of wheels (all coupled) 

Diameter of wheels .. .. .. ,. .. 

Length of wheel base .. .. .. .. 

Length of engine over buffers 
Price of engine complete, in running order 
Approximate weight of engine, empty, in tons . . 
„ measurement of engine in cubic feet 



8" 

15" 

4 

2' 3" 

5' 0" 

12' 11" 

£750 

8 
750 



9" 

16" 

4 

2' 9" 

5' 0" 

13' 0" 

£800 

9 

850 



10" 

18" 

4 

3' 0" 

6' 6" 

14' 0" 

£950 

10 

1000 



The cost of packing will vary according to circumsf ances, but will seldom exceed 5 per cent 
There is but little increase in cost for engines of wider gauges up to 3 ft. 6 in. 
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Fig. 19. Crom Sertion. ' 

LOCOXOTTTIS FOB E!TEEP QKADIXNT8. Apartframlha locomoliTeoftheordinarytype, 
whicb depends for tractive foroa on the adheaioo of the wheels to the rails, and which is 
inauffioient foi tbe Terj steep gradients exceptionally used in Switzerland atid some parts of 
Anstila, there ore — 

1. The Fell sjstem, which has been worked on a large scale, with (owing to a Tariely of 

causes) but moderate Bnccess. 

2. The Righj Bailnay, where a spur pinion gearing into the rack laid centrally between 

the rails, has been succeeafultj used for some years past, tbe maximum gradient 
being 1 in 1. 

3. Handyside's system, in which the locomotive, provided with a wiuding-dmm and wire 

rope, proceeds np the inoline in advance of tbe train, and after being anchored to 
the roils, draws the train up by the wire rope. 
1. An arrangement designed by the Authors, in which a chain was laid between theraili, 
and was passed over a chain wheel of the same diameter at tbe pitch line as the 
wheels of the locomotive ; the engine would therefore hanl by adhesloQ on the level, 
and lay hold of the chain when going up or down steep grodients. 

For roost of these engines vertical boilers have been used oi 
which can thus be obtained, and because this form is in other 
on steep gradients. 
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&OAD LOCOHOnVE, or TSACTIOK ENGIKE, Fig. 20. Although the use of this class of 
engine has been almost entirely abandoned for passenger traffic, it has gradually extended for 
hauling heavy loads, and several hundreds are now employed with marked economy in farming 
operations, contractors' work, mining, and other industries. The engine illustrated has one 
cylinder, steam-jacketted, and connected with the steam dome, which avoids the necessity of 
steam pipes, the connecting-rod is of wrought iron fitted with gun-metal bearings, straps, and 
adjusting cotters, the crank shaft runs in adjustable bearings, which, tx)gether with the bearings 
for the countershaft and driving axles, are carried in wrought-iron brackets formed in one 
piece with the side plates of the fire box, which are carried forward and upward for that purpose. 
This arrangement is strong and neat, it reduces the strains on the boiler, and avoids the risk of 
leakage, which is incurred in bolting brackets up to a boiler. The engine is steered by the 
worm gear and chains, as shown in the engraving, through a hand wheel placed over the foot 
plate, so that it is entirely under the control of one man ; formerly one man was required to 
steer and another to stoke and drive. Tlie engine is so designed that 85 per cent, of the whole 
weight is carried on the driving axles ; this not only gives great tractive force, but relieves the 
boiler from strains which would come on it from jerks occasioned in passing over rough roads. 
The driving-wheels are of wrought iron with diagonal strips on the face, and are provided with 
a compensating motion for turning sharp curves without disconnecting either wheel ; and both 
wheels being in gear, each does its fair proportion of the work. If preferred (and under 8< me 
circumstances, it is highly desirable) spring tire wheels, on the system invented by the late 
Mr. W. B. Adams, may be sabstituted for &e wrought-iron wheels just described, at a slightly 
increased cost ; these wheels consist of an inner tire of strong tee iron rivetted to the spokes, 
and an outer tire* of plate iron stiffened on the edges by angle iron rings, and carrying diagonal 
strips on the face to increase the tractive power, and take the paddles sometimes required in 
traversing very soft ground. Between these tires solid india-rubber is packed , forming a spring, 
and thus greatly reducing the jerks and strains to which the engine is subjected. The tires 
are connected by a drag link, so that they cannot slide on the india-rubber. The boiler 
is multitubular, tested to ft pressure of 200 lbs. per square inch, and furnished with feed 
apparatus and all furnace and steam fittings necessary for economical and safe working, 
including a steam-pressure gauge, and extra safety valve, a complete set of wrenches, screw 
hammer, firing tools, oil can, spare gau^e-glasses, and driving-wheel studs. The coals are 
carried in a bunker at the back of the foot plate. A strong jib, fixed to the fore part of the 
engine, by means of which loads up to 2 tons may be lifted with safety, greatly increases the 
usefulness of these engines for use under the conditions referred to below. 



Nominal horse power . 
Diameter of cylinder . . 
Length of stroke 

Price complete, in running order .. 
Extra, if fire-box be large enough to burn j 
wood . . . « . . . • • . / 

Packiilg for shipment 
Approximate weight in cwts. 



4 


6 


8 


10 


12 


61" 


8J" 


9J" 


lOJ" 


12" 


10" 


12" 


12" 


12" 


14" 


£395 


£445 


£510 


£580 


£660 


£10 


£10 


£10 


£15 


£15 


£8 


£10 


£15 


£20 


£25 


90 


120 


140 


160 


180 



Waggons suitable to work with Traction Engines. 



Load in tons . . 

Price, complete with iron or wood wheels 

Price of a set of iron work for iron or wood wheels 

Price of screw brake 

Packing for shipment, each waggon 




The waggons are specially constructed for carrying minerals and agricultural produce over 
ordinary roads, and the couplings are arranged to allow the waggons to turn very sharp curves* 



TSACnOK ENGINE WITH CBANE JIB. The engines above referred to are also made" 
with a crane jib, which is fitted to the locking carriage of the front wheels and tied back to tho 
wrought-iron brackets carrying the gear ; the lifting chain coils on a barrel fixed below the 
water tank, and is driven from the engine with suitable gear, lifting, lowering, or holding the 
load suspended when the engine is travelling. This engine possesses many advantages for use 
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m dockjarda, qnarries, and for military purpoiea. The wbole of tbe operfttiona, driTing, 
Bteering, lifting, &c., are oontroUed by one man. 


Horae power 

Price 


1 
£435 


6 

£505 


S 



The weigbta and meaaaremeiitB will be a little in 



is of those given on page 27. 



Pig. 21. 

FOBTABLE snUM EHQIHE, Fig. 21. The ample experlenoe which haa been gained 

with portable engines working under very varied conditions, has led to the adoptioo of many 
important improvements in tlieir deeign and proportions, more paniculacly with a view of 
ousuring economy in the consumption of fuel, and of obtaining incjrased durabOity. 

The competitive trials held under the auspioes of the Bnyal Agricultural Society hnve 
greatly assisted in promoting excellence of des'gn and workmatmhip, and thu engine illustnited. 
Fig. 21, is equal to any portable engine obtainable. In pxectico the fnll power of a portable 
engine is seldom exerted, and in ordinaly engines much fuel i» waeteil, becauee the supply of 
steam to the cylinder can only bo regulated by throttling the starting-valve, a vety wasteful 
method, producing what ia technically termed " wire drawing"; but this is avoided by the 
applicaiioa of h very simple expansion gear, by which the moment of cutting off the ateam 
BOpply to the cylinder may be regulated at any point, from one quiutf-r of the stroke to full 
stroke. This arrangement requires only one eccentric and onn slide valve, and is not subject to 
derangement; and as might reaGonably be expected a very marked saving in fuel is obtained. Ab 
a further safeguard agai^ waate of fuel, a water heat^ is provided, whereby the heat of the 
exhaust steam is made to rai-e tho temperature of the feed water to a high point before it is 
forced into the boiler. Tlie cylind.rs are steam-jacketted, and tbe boilers are of the multi- 
tubular loocoootiTe type, of ample dimensioiiB, best workmanship, and materials throughout, and 
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stayed for a high-working pressure. The fire box is entirely of Lowmoor iron, and of ample 
dimensions for burning coal or coke ; but if (owing to the high price of these fuels where the 
engine is to be used, or any other cause) it be considered desirable to make provision for burning 
lignite or wood, the boilers can be made with extra-large fire boxes, at the slightly-increased cost 
indicated in the price list. A reversing motion is fitted to each engine by means of which it can 
be made to run in either direction, but the engine can be provided with link reversing gear, if 
it is required for such work as winding, &c., and the cost of this is given in the lists. The 
cross head is guided by two blocks, sliding between two pairs of cast steel bars ; one end of these 
bars is carried on the cylinder gland, and the other on a special casting bolted to the barrel of 
the boiler. The connecting-rod is of scrap iron, fitted witli strap bends, and gun-metal bearings ; 
the lubricators on this and all other parte of the engine are worked out of the solid metal. 
Tiie wrought-iron bent crank shaft is of such a length that power may be taken off from either 
or both ends, and runs in wide adjustable gun-metal bearings; these bearings arecarried in a 
cast-iron saddle bracket, fixed to the fore part of the barrel of the boiler. A heavy cast-iron 
fly-wheel is keyed on the crank shaft. The chimney is provided with a spark catcher, and 
hinged as shovni. When thrown back, it rests on a forked bracket carried on the cylinder ; this 
arrangement enables the engine to be taken under a low archway, or into a shed when not 
required for immediate use. Every engine is fitted with a neat and efficient governor, and a 
verticle plunger feed pump; but, if preferred, a Giffard*s injector will be fitted instead 
of this pump, nhen the cost will be slightly increased. The whole is mounted on wood 
or iron travelling wheels ''the former being preferable excepting for use in tropical climates), 
with patent axles, locking plate and shafts, check chains, lock chains, and shoe; and 
is complete as. shown, with all furnace and steam fittings, including a patent steam-pressure 
gauge, double safety valves, one being locked up, steam whistle, and suction hose for pump with 
copper rose, also firing tools, funnel, oil feeder, spanners, and waterproof cover. It is recom- 
mended that the following spare parts be ordered with all engines intended to be used in remote 
districte: gun-metal bearings for crank shaft, and for connecting-rod ends, one set of piston 
rods and springs, one set of furnace bars, six gauge glasses and rings, one tube brush, three 
boiler tubes with steel ferrules for same, and one length of suction and one length of return hose, 
one set of eccentric clips and bolto. The cost of these spare parts is six per cent, on the price of 
the engine. 

Head and Schemioth's apparatus for firing with straw, cotton, wood, or other vegetable 
matter is invaluable in some countries, and can be applied at an extra cost of £70 to £80. 

SiNGLB-CfTLINDEB POBTABLE EnQINES. 



• 

Nominal horse power .. 


^ 


3 


4 


5 


6 


7 


8 


9 


10 


12 


Number of revolutions per minute 


180 


180 


150 


125 


125 


125 


125 


125 


110 


110 


Price complete 


£105 


125 


150 


165 


180 


195 


210 


225 


240 


280 


Extra for fire box for burning wood 


£2 10 3 


4 


5 


6 


7 


8 


9 


10 


12 


Packing for export 


£2 10 8 


4 


5 


6 


7 


8 


9 


10 


12 


Approx. weight of engiae only in cwts. 


30 


45 


52 


64 


72 


80 


84 


103 


112 


119 


„ „ packed 


37 


53 


61 


74 


84 


92 


95 


115 


126 


134 


„ measurement „ in cub. ft. 


156 


208 


256 


285 


334 349 

1 


390 


443 


457 501 



DOUBLE-CTLINDEB POBTABLE ENGINES. 



Nominal horse power 


8 


9 


10 


12 


14 


16 


18 


20 


25 


30 


Number of revolutions per minute 


125 


125 


125 


125 


125 


125 


95 


95 


95 


95 


Price complete 


£235 


250 


265 


305 


340 


375 


410 


450 


540 


640 


Extra for fire box for burning wood . . 


£8 


9 


10 


12 


14 


16 


18 


20 


25 


30 


Packing for export 


£8 


9 


10 


12 


14 


16 


18 


20 


25 


30 


Approx. weight of engine only in cwts. 


94 


107 


115 


118 


125 


132 


198 


213 233 


263 


„ „ packed „ 


107 


118 


126 


130 


138 


147 


216 


235 255 


285 


„ measurement „ in cub. ft. 


390 


409 


423 


465 


472 


491 


570 


630 


710 


790 



The extra cost of a GifEard's Injector in place of feed pump varies from £5 to £12, smd the 
cost of link reversing motion varies &om £15 to £25, according to size of engine. 

POBTABLE VEBTICAL STEAH ENGINE, WITH VABIABLE EXPANSION, Fig. 22. 
In localities where the feed water is highly impregnated with insoluble matter, the water 
spaces between the tubes of multitubular boilers 4'requently become choked with solid deposit 
to such an extt-nt as p:reatly to impair the value of the tube-heating service, eventually leading 
to considerable expense and loss of time in repairs, &c. In such situations a plain VerticBl 
Boiler of the type illustrated (all parte of which are easily accessible for examination) may be 
used with advantage ; and many years' experience has shown that under these conditions, or 

c 2 



APPLEBY'S HANDBOOK OF MACHINERY. 



Fig. 22. 

vbere irood or infeiioi' ftiel is uHed, boUeis of this conBtraction give a better working resnlt than 
the ordinaty multitubular class. 

The fire box boa one or more crass water tubes according lo the size of the boiler, and the 
smoke tube forms a ata; bctwi^eo tbe orowu of the file Iwi aud the shell of the boilei; there is 
a hand-bok and cover opposite each cross tube for clearing it of any deposit which ma; have 
been formed. 

Tbe boiler is fitted with the usual fumaoe mountines, chimnej wilh joint to tarn down 
when travelling, damper, man-bole strengthened round the edge, and mud-holes round the 
bottom of shell. 

Tbe water and steam fittings consist of water gnuge, two gauge cocks, blow-off cock, double 
BBfetf valves, one being dead-weighted and locked op, Btcom presBnre-gaDge and regulating 
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_ e shaft, with the uanal gun- 
n-hoBe and atrnincr ; or if preferred, a donkey 
1-puinp ma; be supplied nith appu^tus for worthing by band when itquiced, at aa 
ga of about £3. 

:eain cylinder, Taire boi, guidoa and central bearing are carried on a strong gir<ler, 
dly ties together aU the worliLii^ parts, and talioa the atraiii off the ehell of the boiler : 
diticn to tlie ordinary Blide-valve motion, the engine ia fitte.l with a variabU eipans.on 
Eed direct from the govenlora, enBuiing the Lighent duty puasible from a given weight 
Tbe eccentric straps are of gun metal, the connecting-rods are fitted with gun-metal 
neaos b. .he maiine-en^e pattern, anil the details of the engine 'work are carried out ia tbe 
best style. 

The cmak shaft is of vrougbt iron, and is of sufficient length (o take a pulley on either end, 
and the fly-wheel is turned on the face to take a strap. 

The frame is of wrought iron, and curriea the end crank-ahatt bearings and the conieal 
looking-pUte of the fiont asle ; the hind aile is curved round the hack of the boiler, and is 
altathed to the under side of the frame, whicli relievea the boiler of atrain when traveUing, and 
both can be readily removed for packing and shi|.ment. 'Ihe axles are of wrought iron, the 
wheels of iron suitable for hot climateF, unleaa preferred of wood, and the shafts can be made 
ia iivn or wood suitable for hor.-e oi bu.lock traction. 



Pbicbs, Ac, or Veeticjl Pobtable ENQiNEfl, 




DOCBLB 


Fig. 22, 


SmQLB Ctlinueh. 


Ctundbb, 


Nominal horse power 


3 


4 


Q 


g 


10 


12 


6 


8 


12 


Diameter of cylinder 


5i" 


6i" 


7i" 




10" 


11" 


SJ" 


6J" 


7i" 


Length of stroke 


9 


10 


12 


12 


12 


15 


9 


10 


12 




no 


150 


123 


125 


125 


115 


180 


150 


125 


Ptioeof engine complete, with governor .. 


£117 


163 


Eoa 


211 


280 






281 


365 




7 


8 


10 


11 


12 


12 


15 


18 


20 


Extra for felting and lagging boiler 


10 


12 


13 


15 


16 


16 


13 


15 


17 


Approiimato weight in owts., packed 


40 


50 


65 


75 


fi5 


95 


70 


80 


100 




150 


160 


300 


380 


450 


500 


"i~ 


510 



5 per cent. Engines under S-horse power are not fitted with 



Pig. 23. 

HOSIZOKTAX BEMI-TIXED STEAM ESOIRE^ Pig. 23. The oonstmciion of both engine 
and boiler is exactly the same aatlie Portable Engine, Fig. 22; but instead of being fitted with 
wheels and fore carriage, Ihe amoke-boi end of tlio boiler ia carried on a feed-water tank, and 
it may he put down on timber or brickwork, and in many places no special fnondation is 
reijnired. Engines of Ibia kind occupy but little spuee, and can be filed in any building, the 
eiiunney being lengthened to paaa through the roof if necessary. 
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FRicEa or Hobizoni'al Bii(oi.B-cTLtMDBB Snn-nxBD Emoines, Fig. 23. 



NomitiiJ horae power 
Prite complete 


2) 3 1 4 1 5 1 6 
£120 £U5 £175 £1901 £210 

III 


7 1 8 9 10 
£225 £;145,£2B5 £280 
1 1 


12 

£320 


Prices o 


HORROSTAL DOCBLE-OILIHDBR SEMI-FIXID EHODna. 


Nominal horse power 
Price complete 


8 
£275 


9 !lO 
£290, £305 


12 

£3S5 


14 

£400 


£440 


18 
£495 


£530 


25 
£610 


30 

£755 
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VEBTICAL SEHI-FIXEB STEAM ENGINE, Fig. 24. The engine and boiler are 

the Portable Engine, Fig. 21, but the engine is mounted on a cast-iron base-plate, which 
serves as an ash-pan and water-tank. The outer bearings of the crank shaft are carried by two 
cast-iron brackets, fitted with gun-metal adjustable bearings, the engines above eight horse- 
power haying a self-acting variable expansion. The engine may be placed on timber, brick- 
work, or stone foundations, and set to work without the previous preparation of expensive 
foundations. 



Pbioes of Yebtioal Sebti-fixed Steam Enoinbs, Fig. 24. 





SlKGLK CtUNDEB. 


DOUBLK CTLIKDXB. 


Nominal horse-power 
Price, complete . . 


8 

£110 


4 
£150 


6 1 8 
£180 £215 

J 


10 
£255 


12 

£280 


6 
£210 


8 
£255 


12 
£330 



The dimensions, weights, &c., are nearly the same as the Vertical Portable Engine, Fig. 23. 
Extra for link motions, lagging, &c., same as for Vertical Portable. (See p. 31.) 

OSCILLATING PADDLE ENGINE, Fi^. 25. This type of paddle engine has been used 
more than any other, on account of the lurge power which can be provided in a very limited 
space; the piston rods working direct on to the crank pins, there is little loss by friction, 
excepting that due to the friction of the trunnions. The steam enters the cylinders through the 
outer trunnions, and, when it has done its work, passes through the inner trunnions to the 
condenser ; the air-pump is driven off a crank central between the two cylinders, and the two 
feed-pumps are worked by eccentrics on the paddle shaft. I'he bearings for the paddle shaft 
are carried on a strong entablature, which is supported on wrought-iron stays or colunms from 
a massive iron base plate. 

A very large number of these engines are employed in the passenger traffic on the Thames 
and on many foreign rivers, and that they are equally adapted for sea-going steamers is shown 
by the fact that they are almost exclusively fitted to the vessels plying with sudi extraordinary 
regularity between Dover and Calais, Dover and Ostend, Folkestone and Boulogne, &c., even in 
the worst weather. 

The form of the framing is such, that whilst being light, there is ample strength to resi£t 
the severe strain caused by the work being suddenly thrown on one paddle, whilst the next 
moment the deep immersion is sufficient to greatly retard the normal speed of the engine. 
The materials and workmanship are of the highest character, and the subjoined approximate 
^ values include the usual fittings, steam and vacuum gauges, apparatus for lubrication, all 
conveniently placed within the observation of the chief engineer. 



Nominal horse-power 

Diameter of cylinder .. 

Length of stroke 

Number of revolutions per minute .. 

Price of engine, complete 

Prices of suitable boilers with fittings 

Approximate weight in tons, packed 

„ measurement in cubic feet .. 


60 

18" 

18" 

100 

£1080 

£900 

25 

900 


120 

24" 

24" 

75 

£2160 

£1800 

50 

1700 


180 
30" 
30" 
60 

£3240 
£2600 
70 
2500 


260 

36" 

36" 

50 

£4500 

£3400 

90 

3000 



These prices do not include piping, connections, &c., between the engine and boiler, nor 
paddle wheels. Cost of packing about 5 per cent 



DntEGT-ACTING 8GEEW ENGINES, AND BOILEB, Fig. 26. The engines of this type, for 
vessels up to 300 tons, have inverted steam cylinders carried on strong hollow standards, which 
also form the guides for the cross heads ; the slide valves are between the cylinders, and the valve 
box cover is on the side, giving easy access to the valves for examination, &c. The engines have 
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case-hardelied liak moIioD reveraing 
gear and separate espauBiou valve, en- 
BuriDg an ecODomioil distribaliun of 
Bte.im. Tlie condenser ia Hied on one 
side; tlio air pump is driven bf side 
levers from the oruss bead of the en- 
gine, and Uie vhole arrangement is 
neat and compact. Thestandardswblch 
carry the engines are fix«d lo a strong 
caat-iron baaa plate of the form shomn 
in the Engraving ; the bearings for tbe 
crank ahatt, includiug the thruet bear- 
ing, are alga secured to this plate. The 
siTow shaft is ooupled direct to tie 
crank ahafl:, and pBHses tbroughaetem 
tnbe as shown. It iausunllyfltled with 
a three-bladtd screw propeller, but any 
other form may be adopted, and the 
propeller is made of maUeable caat 
iron, gun meta'p or cftat steel, aa maybe 
desired, the price varying according to 
the material eniployid. The boiler is 
of tlie ordinary circular form, with an 
internal flue and return tub«s, the up- 
take leading lo the chimney being in 
front of the boiler and directly above 
the fire door. The boiler isof the best 
material and woikraansbip througljout, 
and is furnished with all the eteom 
mouotings and furnace fittings neces- 
sary for its safe, efficient and econo- 
tni al working, A donkey pump for 
feeding the boiler is shown on tlis left 
band side of tbe engraving of cross 
section. The prices of these engines 
will be proportu>nale to those given on 
pagea 33 and 37, but they must neces- 
sarily vary conalderably. the engines 
and boilers being almost invariably 
designed to suit the vessels for which 
they are intended. 

' OOHFOTrm MABXNB XHOHTES.— 

. Very economical results have been and 
Me being obtained from compound 
marine engines. Many arrangements 
have been tried, but the engines 
with one high and one low pressure 
cylinder, or one high pressure and 
two low preasore cylinders are those 
which have given the greatest eco- 
nomy, especially in ocean-going 
steamers, when tbe consumption of 
fuel is of fat greater importance than 
the difference in first cost, this type of 
engine being necessarily more expen- 
sive than those working high pressure 
only. The first-named construction 
(one high aiidoue low pressure cylinder) 
is more used than that with three 
cylinders ; the proportion of the low- 
pressure cylinder is from 3 t« 4 limes 
the capacity of the high-pressure cy- 
linder, and the advantsgts ere, tliat 
engines of compsratively small dimen- 
sions and weight develope a given 
power with a much lower consumption 
of fnel than high-prosaure engines. 
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VEBTICAX TACHT EFOm. The great increase in the number of yachts, small tug- 
boats, and steam lighters, in use on rivers for business and pleasure, has led to the production of 
engine, Fig. 27. It is neat, compact, and strong, and has been designed with a view of taking 
up as little head room as possible. The engraving, taken from a photograph, shows a double- 
cylinder engine, but prices are given below of both single and double cylinder engines of this 
class. The same design is adopted for all the smaller sizes enumerated in the list, but is 
somewhat modified in the larger sizes. The two cylinders and valve boxes are oast in one 
piece, the valve boxes being turned outwards, and therefore being quite accessible for 
examination. The standards carrying the cylinders are massive iron castings, forming the 
guides for the cro'ssheud ; they are bolted to a cast-iron base-plate carrying all the bearings 
including the thrust bearing. The pistons are metallic, with rings and springs, the piston rod of 
steel, the cross head adjustable, and the connecting-rod of \irought iron, fitted witn adjustable 
gun-metal hearings. The crank shaft and screw shaft are of scrap iron, and run in extra long 
gun-metal bearings. The screw propeller is of the ordinary three-bladed description, and may 
be had either in gun metal, cast iron, malleable cast iron, or steel, the price varying according 
to the metal employed. The stem tube is of cast iron of suitable length for a single screw 
boat, but where twin screws are employed, or in some other cases, it would require to be 
lengthened. The engines are fitted with double eccentrics and link reversing motions, the 
hand lever being provided with spring bolt and notched quadrant, for holding it in any desired 
position. A suitable feed pump is provided with each engine, and the design, materials, and 
workmanship of both engines and boilers are of the highest class. The boilers are of the type 
illustrated in Fig. 28, which give economical results, and occupy small space. 

D0UBLE-CTLlin)EB EnQINES. 



Nominal horse-power 


^ 


5 7 


8 10 


14 


18 


24 


30 


40 


Diameter of each cylinder . . 


4" 


5" ; 6" 


6J" 7" 


8" 


9" 


10" 


12" 


14" 


Length of stroke 


5" 


6" 7" 


7" ; 8" 


9" 


10" 


12" 


14" 


18" 


Number of revolutions per minute 


300 


250 215 


215 190 


170 


150 


125 


110 ! 90 


Price of engine, cast-iron propeller, &c. . . 


£97 


120 150 


170 195 


260 


350 


390 470 580 


Approximate weight in owt., packed 


5 


9 13 


15 18 


24 


33 


43 


68 100 


'„ measurement in cubic ft. .. 


10 


18 27 


30 40 


50 


66 


90 


130 220 



SlNGLB-OTLIirDKB EnOINSS. 



Nominal horse-^wer 
Diameter of cyhuder 


2 


2J 


3 


S^ 


5 


7 


1 

9 


12 


15 


20 


28 


H" 


5" 


5|" 


6" 


7" 


8" 


9" 


10" 


12" 


14" 


16" 


Length of stroke 


4i" 


5" 


6" 


6 


7" 


8" 


9" 


11" 


12" 


14" 


16" 


Number of revolutions per minute . . 


320 


300 


250 


250 


215 


190 


170 


135 


125 


110 


100 


Price of engine, cast-iron propeller,\ 
&c. .. / 


£58 


70 


83 


85 


100 


140 


170 


205 


250 


330 


440 


Approximate Weight in owts., packed 


3 


" 4 


7 


7 


9 


12 


15 


20 


29 


42 


55 


„ measurement in cub. ft. 


8 


10 


15 


15 


20 


25 


30 


40 


60 


90 


120 



It should be remembered that, although for any given power the single-cylinder engine 
costs rather less, and takes up less keel room, it occupies more head room, and is not so efficient 
as a double-cylinder engine. 



STSAM 8CEEW TUG with HOIST and FIBE ENOIKE. Fig. 28 illustrates a steam tug 
which serves many purposes, and is worthy of special notice. The total length of the vessel 
illustrated is 45 ft., the extreme breadth 10 ft., and the depth 7 ft. ; and as it was for use 
abroad, it was constructed to be sent out in sections, and easily fitted together on arrival at its 
destination. The tug is capable of towing two lia:hter8, each carrying 50 tons, and (by means 
of the hoist shown in the crankshaft) discharging the cargoes into vessels lying out in the 
roads. The boiler is of the type generally employed for marine work, and occupies the centre 
portion of the boat ; it is 5 ft. in diameter and 5 ft. long, and has 38 return tubes 2| in. 
diameter. The engines are of the inverted kind, and are placed aft of the boiler, the crank 
shaft being coupled directly to the screw Bhaft. The cylinders are 8 in. diameter and 8 in. 
stroke. The valves are placed between the cylinders, and are fitted with link reversing 
motion ; the crank shaft, piston rods, valve rods, and cross heads, are all made of steel, the 
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ecoentrio straps, glands, pump plungers, &c., of gun-metal, and the link motions are caso- 
hardened. The i^orew is of cast iron, 4 ft. in diameter, and has four blades 4^ ft pitch. 
The screw shaft is of steel with the thrust collars forged on, and a thrust bearing is 
provided as shown in the engraving. On the crank shaft between the thrust bearing and tho 
engines is fitted a direct-acting hoisting barrel similar to that employed in the steam ware- 
house hoist Illustrated Fig. 106, Section 2. This hoibt has a simple arrangement for obtaining 
either single or doubla purchase; it can be used for a variety of purposes, such as discharging 
ship's cargt) into lighters or vice verteL, and is altogether a very valuable addition to a tug. 
On the forward side of the boiler id fixed a large water tank, one side of which is formed by 
a bulkhead ; this tank can either be stored with fresh water for use in the tug's own boiler, 
which is much better than employing salt water, or it can be used for taking a supply of 
fresh water out to ships in need of it. Over the tank will be seen a direct-acting steam fire 
engine ; this is a very impoi-tant addition to the tug, as in case of a fire breaking out on the 
quay or in the harbour where the tug is usually employed, it can be immediately used as a 
floating fire engine. The pump is also usid for pumping fresh water into ships. The 
arrangement of the towing gear is so clearly shown on the engraving that it needs no special 
description. All the piped connecting the engine and boiler, &c.| are of copper, and the whole 
is of the best workmanship and materials throughout 

The tug referred to was designed and supplied by the Authors for use on the coast of 
Africa, and it )»as rendered good service under the conditions above referred to. Everything 
was fitted together in place, and marked for re-erection at destiuHtion, but it was sent out in 
pieces, which efiected a large saving in freight; the sides of the hull were painted different 
colours, and the plates and ribs being distinctly marked, the work of erection was completed 
very quickly, and at little cost, by mon who had not previously been employed in work of that 
character. 

STEAM LATTKCEES. The large number of steam launches and small yachts now in use for 
business and pleasure in all parts of the world, has naturally led to the production of very 
superior boats ; and steam yachts are now made capable of attaining a speed of over 20 miles 
an hour. Fig. 29 is merely an illustration of one type much adopted, but there are many 
varieties, and the values necessarily vary with the character of the lK)at and fittings requirea. 
Many of the engines referred to in the foregoing pages are suitable for launches and yachts, 
especially the vertical engines and the three-cylinder engines. Figs. 25 and 30. The three- 
cylinder engine is very compact, and possesses the advantage of requiring but little atten- 
tion, and working almost noiselersly. The subjoined price list gives the approximate cost of 
launches, but, owing to the many variations in style and detail, and the constant alteration in 
cost of production, the prices must be regarded as being only approximate. 

The yachts tabulated are similar in appearance to the engraving. 

ruiCBS, &c., OF Steam Launches, Fig. 29. 



Length 

Beam 

Approximate speed in miles per hour 

Price clinch built of mahogany . . 

carve built of mahogany . . 

„ ,, xeaK . . 

built of iron . . 

siieex * . . . . 



»» 






» 



80* 0" 


85' 0" 


45' 0" 


50' 0" 


60' 0" 


6'0" 


6' 6" 


ro" 


8'0" 


9'0'' 


11 


12 


13 


14 


15 


£350 


£440 


£560 


£630 


£820 


£365 


£455 


£575 


£700 


£840 


£420 


£490 


£610 


£730 


£875 


£430 


£500 


£620 


£740 


£890 


£445 


£525 


£645 


£765 


£910 


£455 


£540 


£660 


£785 


£935 



These prices are for delivery in London; packing for shipment will vary according to 
circumstances, but will seldom exceed 5 per cent. The draught can be varied to suit 
requirements, averaging about 2 ft. 6 in. in the smaller sizes, and 3 It. to 4 ft. in the larger ones. 



THSEE-CTLINSEB STEAM EKOINZ ( Willan's patent). Fig. 30. Engineerina says :—^* The 
engine can be run at almost any speed without noise or inconvenience, whilst the distribution 
of steam effected is \ery good. For driving fans, centrifugal pumps, or similar high-speed 
machinery, this engine is exceedingly well adapted, while it might readily be arranged as a 
very handy wall engine for driving fast-running shafting." 

The construction is such that the connecting-rods are always in ?k)mpre8sion, so that there 
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Fig. 30. 

is no blow on the cmnha, and there is an absence of " knocking," which is so often experienced 
with donble-acting engines wben lonning at high speeds- The small apace occnpied in height 
nnd width is an advantage on board a small steam yacht or lug-boat ; there are few working 
parts, all well proteotEd from dnst, &c., and as there ia no d«ul centre, a, fly-wheel is not 
required, and it is not necessary to empby a skilled driver. 



Indicated horse-power, with TO lbs. steam per square in. 

SO lbs. 
Diameter of cylinders 
Length of stroke 

Number of revolutioiiB per minute 
Weight of engine complete in cwt 
Pries oomplete with reTersing gear 

Extra fitted with high-speed governor 

EHumeter of steam pipe .. 
Diameter of exhaust pipe.. 

Breadth 

Height 

Length, over bearings 



Acking and delivery per cent extra. 



fi 


II 


sa 


a? 


72 ' 125 


^ 


^1 


IH 


Ifi 


31 53 






fi" 


7" 


g., . ,o„ 


4" 


4" 




7" 


9" 12" 


400 


400 


3.'^ 


.100 


300 250 


^ 


ft< 


B 


H 


161 31 






h.S 


m 


110 180 


£S 


B 10 


7 


« 10 


10 1 12 


r 




H" 


If 


2- 2i" 






■/" 
















IS)" 


eo" 


29" 


411" 


42" 60" 


18" 


2S" 


36" 


47" 


49" . 60" 
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. ATXOSfKEBIC-OAfl EHQDIE (Otht and langen's pateat), Fig. 31. The first attempts 
to introduce gaa engiaeB were not followed by the buccceb Baticipated ; tliisnss probably owing 
to the maaner ■□ which it whs tried to utilise the 
esploBive energy of the gae. The engineH cniplojed 
were »erj similar in deeiga to Ibe orclinarj horizi.n- 
tal steam engine. The cas introduced into the 
cylinder was exploded, a sudden blow was thus com- 
municateil to thecrank abaft through theconnectiug- 
lod, which WHS attended with many disadvaDteges : 
a very targe Hy-wheel was required to absorb the 
power thus suddenly generated, and give it out 
UDifurmly; the Ti>riuus parts subjected to the blow 
Boon got out of order, and the cylinder became foul 
from the tar, &c. which was left after the eiplosiou. 
In Ibe engine. Fig. 30, these diffltulties have been 
very ingenionely overcomi', nnd a saving in gas of 
more than 80 per cent, is effected. Thr action of 
this engine is as follows. Gna and air, mixed in such 
proportions as to give a mild explosiTe compound, 
are admitted under a piston which slides air-tight i» 
a vertical cylinder open at the top ; this compound 
ia ignited, explodes, and drives the piston upwards. 
The ignited gases having increased ia volnine. lose 
their heat, their pressure becomes less us the piston 
rises, and when it reaches the top of its stroke, a 
partial veonum is formed, and the pressure of the 
' atmosphere causes the piston to descend. The work 
thus done steadily by the atmosphere during tlie 
return alroke of the piston yields the driving power, 
which is transferred to the shaft by suitable me- 
chanism. This utilisation of the instantaneous power 
of the explosion by allowing the piston to ny up 
freely, without doing other work than emptying ths 
cylinder of air, ia the basis of the great oconomy and 
Buccess'of these engines. These gaa engines possess 
many advantages over steam engines for many pur- 
poses where only a small power is required. Incy 
can be started at a moment's notice, and will at once 
Fig. 31. 6'^^ ""^ their full power; no time ia lost in getting 

np steam. When no longer required, th*y can be 
stopped without waste fuel. Thia is not the case with steam engines, for even if the firi^s be 
immediately drawn, there is stilt a large quantity of heat in the boiler which is wasted. Tho 
attendance required does not average more than about an hour per day for one man, and as there 
is no firing or stoking nor riskof hoiter explosions, the principul fire insurance companies require 
no increase in the premiums on premises where these gas engines are erected. If less than the 
full power ia required, the Dumber uf explosions (and consumption of gas) ia reduced by self- 
acting mechanism in proportiua to the reduced power wanted. Common coal gas (at jj, per 1000 
cubic ft.) will feed Uiese engines for about one penny per hour per horse-power ; in fact this 
is the guaranteed conaumption, and if it is exceeded after a reasonable trial, and due care has 
been taJten. the engiaea may be returned. 



Horse-power 




} 


* 


I 


2 


8 


Diameter of fly-wheel 








48" 






driving pulley 


























strokes of piston 




40 


36 




SO 


80 
















Weight of engine in cut,, packed 








«« 







Faekiog and delivery 5 per cent, extra. 
The u 



e of compressed air as a motive 

power lias of late years largely increased, not only for a variety of purposes in Undoi^round 
workings, but also for driving tram-cars, working rock drills and other similar machines ; in 
fact, in very long or deep workings, anch as the Mont Oenis or St. Gotliard tunnels, com- 
pressed air is perhapa indispensable for driving machinery, as instead of producing noxious 
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Taponrs and heat, like the steam engine, the exhanst assists materially in the often somewhat 
diiticult task of ventilation. Although an ordinary steam engine may be driven by compressed 
air, ranch inconvenience is experienced from the air ports being clogi^ed with ice, it beino: 
almost impossible to dry tlie air before using it. The Authi)rs have designed and manufactured 
many air motord for use in tunnelling work which have given very satisfactory results. The 
supply valves are quire distinct from the exhaust valves, ihe latter being so placed that tlie 
exhaust air blows straight out from the cylinder without having to travel any sinuous ports ; 
with this arrangement no inconvenience whatever is experienced. A motor of this form, con- 
structed by tho Authors, U illustrated in Spon's * Dictionary of Engineering/ Figs. 25h2 and 
2583, pp. 1299 and 1300. where it is shown driving six diamond lock drills. The cost of com- 
pressed air motors is nearly the same as that of horizontal steam engines, Fig. 4, the 
prices for which will be found at p. 7, and Section 2, p. 114. 

HEATED -Ant ENGINES. Although numerous attempts have been made to introduce hot- 
air engines, and many have been worked for considerable periods (^Stirling's engines worked 
the Dundee foundry for many years, developing 45 horse-power), they have never hitherto given 
good commercial results in large sizes ; but for small powers they compare favourably with small 
steam engines, at least in economy of fuel. Although more bulity, and consequently much 
higher in first cost than steam engines of equal power, it must not be overlooked that no boiler 
is required which reduces the total cost to near that of the engine and boiler together; when 
once started, they will run for hours without any attention, and owing to the low pressures 
generally employed, and the absence of boilers, there is no i isk of explosion. In Wenham's 
patent engines, tabulated particulars of which are given below, the air is heated in a closed 
combustion chamber by direct contact with the fuel, and passes with the gases evolved into the 
cylinder. The cylinder is single acting, the upper part of it being arranged to serve as an air 
pump, and there is the usual regenerator for economising fuel. 

Prices, &c., op Wenham's Patent Heated-aib Engines. 



Horse-power 

Diameter of cylinder 

Number of revolutions per minute 

Price of engine complete . . 



•t 



4 


1 


2 


3 


5 


10 


12" 


16" 


20" 


24" 


. 30" 


40" 


140 


120 


110 


100 


90 


90 


£75 


£J8 


£144 


£190 


6277 


£370 



Packing for shipment about 5 i^er cent. 

The following advantages are claimed for the Wenham engine : — 

Economy of fuel and complete combustion of smoke. 

It is self-contained, and portable, requiring no fixing or building of any kind. 

The use of it does not increase insurance premiums. 

The fire is chargred only twice in one day's work ; beyond this no attention except the 

occasional application of an anti-attrition powder, used in place of oil, is necessary. 
No risk of explosion attends their use, the pressure never exceeding 15 lbs. per square 

inch. 

BTBEB'S HOT-Ant ENGINE, Fig. 82. The Byder Compression or Hot-air Engine 
is for small powers, from half a horse to two horses. As will be seen from the sectional 
engraving, it is extremely simple in construction, there being no valves excepting a 
small check valve which supplies any trifling leaking of air which may occur. Like the 
'Wenham engine, the attention of a skilled labourer is not required, but unlike it, none of 
the moving parts are exposed to the direct heat of the fire, and experiment has shown that it 
will develope as much power with a given weight of coal as any of the small motors. It will be 
seen on reference to Fig. 32, tliat the engine consists of a compression cylinder, A, and a power 
cylinder, b, with their respective plungers, o and d, and a regenerator, h. The lower portion of 
the compression cylinder is kept pool by the water circulating in ttie vessel b, whilst the lower 
portion of the power cylinder is kept hot by the action of the fire on the beater p. The 
compression plunger o nearly reaches the base of the engine, br^t is a trifle smaller than the 
interior of the cooler e, leaving a thin space for the air to pass down and become thoroughly 
cooled. The power piston is also of sufficient length to nearly touch the heater f at the lower 
pari of its stroke, and both it and the heater are so formed as to present a small annulns of air 
to the action of the fire so that it may be very rapidly heated. The telescope or qnill o forms 
a small annular passage for the air to pass down on its way from the compression cylinder 
to the power cylinder. Between the cylinders is situated the regenerator h, which is corapoj»od 
of a number of tiiin metal plates slightly thickened at their edges, which, while affording a free 
passage to the air, subdivides it into thin shetts; thus a large portion of the heat is altemattly 
abstracted from and returned to the air in its passage to and from the power cylinder, pro- 
ducing great economy in fuel and steadiness of power in the engine. As the same air is 

D 
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iertniii amouat of water 
iither be pumped llmiugh 
oler E or Bllowed to oircu- 
llroagh it bj gnuitation 
ip it cool, and it muBt be 
t that the moBt economi- 
EiptatioD of this mBchiue 
I pumping e igine ; when 
iployed, all tbe water 
A lamadetopaBatlirougib 
mler on ila mbj to the 
]r other de»li laticin. 
I hot-air engine will nn- 
xlt; be eitcnsively used 
great variet; of purposes 
it becomes more known 

ia perfeclly safe and very 
aical. Little or no skilled 

is ie<iaired to keep it In 
working order, and the 
ia pracUaally tUe aame aa 
oroinnry atove. 

faoloriea wlere a motor 
uired to work aewinit or 
Btnall maoliines, nothing 
could bo desired, 
is also remarkably well 
)d {ca pumping water into 

on the top of a warebouse 
nr building to supply tbe 
iilio power reqaired to 
a lift of the constinction 
ated and described at pp. 
id 99, Sertion 2. The 
I ia kept in motion as long 

Lbe neceaaary, and tbe 
ing used oTor and over 
there ia little waat«. Tbia 

than tekiog the water 
the public mains, even 
this can be done at a low 

1 price of these engines 
for pumping is tbe same 
len intended for driving 
; machines, cofTee raiUii, 
]g machines, &e. Ac, and 



Nominal horse-power 

Diameter of cylinder 

Number of revolalions per minnte 

Price, complete as shown 

Heieht to top of fly-wheel 

Floor space required 

Weight in lbs, 




Extra on list price (br packing and delivery in Loudon, 5 pec cenL 
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lltUliHnU£ have been and atiU are exiensiveljr nsed tn manj ptuia of the iroild, but the 
extremely variable and unreliable nature of the power of the wiud in this country naturally 
limits their application; for although, when once Bet (owork, a windmill requiroa but fery little 
attention, it ]a geuerally pieferaUe to employ a more elpenaive form of motive poner wiiicb can 
be relied upon for usa whenever required. Still there are many caaea, such as for grinding on 
a small ecato, pumping for irrigHtion or drainage, 4e., where windmilU can be vised wilb 
advantage, &□<! in eome parts of the world, where the force of the wind is pretty constant dniing 
a considerable portion of the year, they may be employed for almost any purpose, end with 
careful manugcmont wonld probably yield a good return. The coat of a niQclmill vitb wroti|;ht- 
iron tower and all modem appliances for reefing mils, &c,, of about one horse-power with a fair 
breeze, U £120 ; blit it ia impoeeible to give data aa to coat without full details of the local 
condititms. 



Fig. 38. 

VATEE-WHSZ^ Fig. 33. There la, perhaps, no better agent tot ntilistng water-power, 
where the anpply is oonstant, and the pressure (or, what is equivaleut, the fall) is tow, than the 
water-wheel. There are several varieties, but those most generally used are the overshot, breast, 
and nnderihot- 

The series of experiments oondacted by H. Ponoelet and H. Horia show Ibat overahot 
wheels yield 60 to 80 per cent of the theoretical power; breast wheels yield 15 to 50 per cent, 
of the theoretical power ; undershot wheels yield 27 to 30 per cent, of the tbeoreticul power. 
Notwithstanding the manifest loss in the power which ought theoretically to be developed, the 
undershot wheel is still very mueh used, partly, no doubt, because, as in floating mills, which 
ore moored iu rivers with a etream mnning from two to seven milea per hour, the motive power 
costs nothing more than the interest on the capita! eipended on the barge .or craft and the 
water-wheel^ ^nd pertly because water carriage was, and still is, in soma oonutries practically 
the only oheap means of conveyance. 

Mills of the kind last referred to may be seen in alt parts of Europe, many of them of very 
ancient date, but probalily few have been conslructed within the last twenty-flve years, slesm 
mills and railway communicatioa having superseded the slower and cheaper wul^ ways and 
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milli. There am, however, localitiee where, as in Upper Egypt, fnel is Ksjoe, and the water 
Bupplf (the Nile) affbnlit a molive power at once cheap aud reliable^ and where water-mUlB maf 
be lued witb greut Hdvantage. A numbtir of floating milld, witb ondpnthot wheels, have been 
de3i);ned and sopplii'd by tue Authors for ose, under tho conditionB above named, and the coet 
of a pair of wheels 25 ft. diameter by 10 ft. wide, two pairs ot stonee, 4 fl. diameter, with 
complete drt'Bsing apparatns, and centrifugal pnmps for utilising the power of the whrela fur 
irriiratioD when the pi ill was standing, was £1'Z00, the craft and housing being provided 
at destination. 

This subject will bo refferred to In Section 6 : bnt the data given above may be oaefnl, and 
is, perhaps, as muoli as is necessary relative to machinery which mnat be spedall; designed to 
meet local conditions, which are oooatantl; varying. 



Fig. M. 

mtTAL TDRBm, Fig. 84, ia adapted for low falls, and is available for driving a set of 
millatiinefl or any otber clats of machinery. The price of turbines necessarily depends 
entirely upon Bttendant conditions, referred to at pages 47 and 48. 

Where a plentiful supply of water is obtainable, turbines a.e nndonbfedly a very excellent 
form of prime mover ; after the first outlay but little eipeose ia incurred for working or repairs, 
and it liaa been detnonstiated beyond doubt that they give a much higher peroeotage of 
duty than a water-wheel. 

One of the best examples of the employment of turbines ia at Bidnt-Maur, where lonr 
Turbines, each of 120 borse-power, designed by the late H. Oirard, the celebrated hydraulio 
engineer, may be seen at work supplying water to the city of Faria ; but many equally good 
examples nuiy be seen in Switzerland, Bweden, and Norway, where, practically, an nufiEniiad 
supply of water, with a high tall, provides motive power at a very lovr cost, indeed so cheaply 
that mannfactnrets compete succcHsfully with others far more favourably placed as regards the 
cost of laud carriage for the raw material and finished prodncCs. 
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Fig. 35. 

. --„. -- Tlie w»ter acts perpend icnlatly or pnrallel witli the TorHeaJ 

driving shaft, directed through an auDalu' ring of gnido blades, set at the required angle, and 
impinging against a leries of TBDes fixed at an opposite angle on the ciroomfereaae of the 
tSYolTing wbeel : the power is regulated by parUall; closing the water passages thronKh the 
fuide blades. Fig. 35 represents one of tliese tnrbinea aa erfcted and adapted for meiUnm or 
high fklls. 

The enbjolned lirf Eives a general Idea of the cost of the tnrbinea, Figi- 38 and 37 : but 
the pover required and the height of fell available are 90 varied, thai modiflcations of con- 
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fitruction and arrangement are often necessary. It is, therefore, impossible to compile a Table 
sufficiently comprehensive to be universally applicable. The prices given for the several parts 
ivill, in common with all other prices in this book, vary with the fluctuations in the cost 
of materials and labour. 



Horse" 
power. 


Height 


Cubic feet 


Revolutions 


Cost of 
turbine. 


Extra cost 


Size of 


Cost of 


Approximate 

weight of 

turbine 

incwts. 


of fall 
In feet. 


of water used 
per minute. 


of wheel 
per minute. 


of movable 
guide blades. 


pipe in 
inches. 


pipes 
per foot 










£ 8. 


£ «. 




£ 8. d. 




6 


15 


282 


247 


65 


17 


16 


17 


28 


6 


20 


212 


311 


57 


16 


14 


14 6 


24 


6 


25 


169 


446 


50 10 


14 10 


13 


12 6 


22 


6 


80 


141 


567 


47 


13 10 


12 


11 


18 


6 


40 


106 


811 


44 


11 10 


10 


8 6 


16 


6 


50 


85 


1057 


42 10 


11 10 


9 


7 


15 


8 


15 


377 


207 


74 10 


21 


18 


19 6 


38 


8 


20 


282 


296 


67 


17 


16 


17 


28} 


8 


25 


226 


391 


60 


16 


14 


14 6 


25 


8 


30 


188 


491 


55 


15 


13 


12 6 


23 


8 


40 


141 


700 


49 10 


13 10 


12 


11 


18J 


8 


50 


113 


929 


47 10 


12 


10 


8 6 


16J 


10 


15 


471 


185 


86 


24 


21 


18 


50 


10 


20 


353 


264 


75 


20 


18 


19 6 


38 


10 


25 


282 


350 


68 


17 


16 


17 


29 


10 


30 


235 


439 


62 10 


16 


14. 


14 6 


26 


10 


40 


176 


630 


58 


15 


13 


12 6 


24 


10 


50 


141 


830 


55 10 


14 


12 


11 


22^ 


15 


15 


706 


150 


116 


30 


24 


1 15 


65 


15 


20 


529 


216 


98 


25 


22 


19 


56 


15 


25 


423 


285 


84 10 


21 


20 


13 6 


42 


15 


30 


353 


359 


76 10 


20 


18 


19 6 


38 


15 


40 


265 


513 


67 10 


17 


16 


17 


27 


15 


50 


211 


680 


61 10 


16 


14 


14 6 


25 


20 


15 


941 


130 


141 


33 


28 


2 


90 


20 


20 


706 


187 


121 


30 


24 


X 15 


66 


20 


25 


565 


247 


104 


25 


22 


19 


56 


20 


30 


471 


310 


90 


23 


21 


18 


43 


20 


40 


353 


445 


81 


20 


18 


19 6 


32 


20 


50 


282 


588 


74 


17 


16 


17 


28 


30 


15 


1412 


105 


184 


40 


33 


2 11 


130 


30 


20 


1059 


145 


156 


34 10 


30 


2 7 


100 


30 


25 


847 


195 


142 


31 10 


26 


1 19 


86 


30 


30 


706 


250 


127 


30 


24 


1 15 


70 


30 


40 


529 


350 


115 


25 


21 


18 


63 


30 


50 


423 


460 


101 


22 


18 


19 6 


45 



In this list each horse-power is equivalent to 33,000 lbs. raised one foot per minute ; the 
fall is the distance between the water lines of the head and tail race. By a modiflcation of the 
turbines the speed can be altered, but at a slightly-increased cost. The prices given for pipes 
are for 9-foot lengths with turned flanges, bolts, and joint rings; bends or short lengths are extra. 
When the pipes are long, and have to be laid in the ground, ordinary cast-iron socket-pipes can 
be used, and these can be obtained at a much lower cost ; see Section 3. The outer cases of the 
turbines are of cast iron, the guide blades of wrought iron, and the revolving wheel, in the 
smaller sizes, of rolled brass ; the larger sizes of wheels are made of wrought iron. The wheel 
is keyed upon a 4-foot length of shaft, for welding to any longer length required, and is fitted 
with pivot, pivot bridge, &c. 

In order accurately to estimate the cost of turbines, it is necessary to know the quantity of 
water obtainable, or if this is not ascertained, the power required, assuming the water supply 
suitable ; the total foil between the surface of the water in the head and tail races at the usual 
working levels ; the length of pipe wanted (the water ^ould be brought in an open cutting or 
timber trough, fltted with strainers, as far as convenient, so as to shorten the pipes) ; and 
particulars and speeds of shafts, and pulleys required. A rough sketch, giving proposed 
arrangement and position of turbine, is also very useful. 
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TZEHO&L VOBTEX TTTBBDIS. Fiea. 36 to 40 all represent Tftcioaa fi<na» of the 
Tortex tuibioe, iDTentfd bjr Prufeaaor Jumes Thomson. The water ia aifmitted- at tlie 
oircnmfereDce, and after it Las expended nearly all its energy, it paaees oat at the centre ; this 
isezactl; the reverse of the aotionoftheFourDefrouturbiTK'. KrofeBaar Kanhine, speaking of tlie 
vortex tnihinea, eaid : — " In every form of turbine a whirling motion ia given U> (he paiticlea of 
" watei before tbey begin to drive the wlieel, and the efficiency of the turbine depends on the 
*' completeness with which tliat whirling mutton is biken away from those particles during their 
" action apoii the wheel. By discharging the water from a part of the wheel whose motion is 
" comparatively slow, the practical fultilmeat of that condition is rendered more easy and 
'' certain. The action of centcifuevJ force in regnluting the speed is as follows. Sliould the 
" load be saddenlj diminished, and the wbeel begin to revolve too liist, the centrifugal force of 
" the water wliirling along with it iiicreaafs and opposes the entrance of water from the snpply 
'* chamber; on the other baniJ, shouH the load be suddenly increased, and the wheel begin to 
" revolve too slowly, the centrifugal force of the wuter whirling along with it diminishes, and 
" allows more water tfl enter from the supply chamber, and thus sudden variations of the load 
" are prevented from cnuaing eicessive Buctuatinna of speed, the whirling wat«r acting as a 
'' governor. In outward-flow turbines, the centrifugal force of the whirling water nets in ttie 
" contrary way and tends to increase the fluctuatioaa of speed. In parallel-tlow turbines, it has 
" no sensible action of either kind." These turUinea can be arranged in such a manner as to 
admit of regulating the quantity of water passing through them, and in the list annexed the 
price includes adjustable guide blades, hut in aitnations where a constant supply (of an in- 
variable quantity) can be depended upon, the cost is considerably reduced by tie adoption of 
fixed gnide bledea. The mode adopted for regulating the Water supply is such thsttlie passages 
are alvays smooth and of a continuous form, and are free from conttactions, thus causing lees 
waste of power than regulation by sluiPM or valves. 

Id Figs. 36 and 37, one-half of each view is in section showing the internal arrangements. 
The water enters through the pipe p into the annular chamber c. from whence it is condncted 
by four guide blades an into the revolving wbeel w, and is discharged at the centre. The 
two auction pipes, es, convey it to the tail nice. The revolving wheel w, is keyed 
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on the nviiD driving Bhall d; an equilibrium valve, V, Ib placed in the snppl; pipe for 
B^ultiag; off the water. The guide bladea as are hinged at their inner points, wLic:h enables 
ibeir angle to be varied by a teries of levers actuated bj the band vrheel b. Aa mentioned 

bfcforo, tills arrange- 
meot is only nevea- 
aary when the? power 
required varies con- 
Biderabl; at differ- 
ent times,and f a ving 

ant conaideratioQ ; 
but when the power 
tequired is constant 
thegaid« blades are 
made flied. Tbo 
wheel may bi' plained 
at any heiitht less 
than 3D fL above the 
tail race; and the 
fall rendered avail- 
able by the BtK-tion 
pipes, as shown in 
the engraving, Fig. 
S8, illiistrateij tlie 
poflition in which 
this wlieel is Boue- 
timea placed, a por- 
tion of the fall being 
obtained >>y cutting 
below the letel of 
the mill flour. In 
this case suction 
pipes are not re- 
qnired. aa is the 
supply pipe. B the 
wheel, sa the driv- 
ing shaft. A slide 
or sluit;e is pro- 
vided for closing the 
mouth of the con- 
duit D fwhich leads 
to tlie tail race) 
when it is required 
to examine or re- 
DMtthewheel. I^e 
bearing-block of the 
toe step is usually 
f'-rmed of lignum 
Title, when it is for 
tise onder water, as 
in tbis engraving, 
Kngravings Figs. 3r 



and 40 (u 



perspec- 



zonbd and vertical 
arraDgements of the 
vortex turbine. The 
power from the hori- 
zontal turbine is 
taken bv means 
ol bev 11 -toothed 
whrels, wLilst that 
from the vertiral 
one is conveyed by 
a pulley and leather 
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Fig. 41. 

SCHKID'S FATEirr VATEE FKESSUSE 11(01918, Fig. 41, ehov a form of motor which 
can be employed with any head of water, from 70 fl. to 300 ft. TLe cylinder is oarillating, the 
pivsaageB being formed on a cnrved fiioe Btiuok from the cylinder trunoiona. This Eice works 
cm a corresponding concave bee formed in the bed plale, and these facea are kept water-tight by 
the mode of oarryinji; tlie cylinder trunnionB, which are hung in a pair of levers having their ftilcra 
at one end near tto crank-Bhafl bearings, and connected by a cross bar at the other end ; a 
bolt paBBBS through this cross bar, and gives the required downward pressure (which in 
practice is found to he very slight), and an indiaxubber washer is inBerted beneath the nutaODthis 
bolt to admit of easy adjuatmenL An air vessel is provided on the supply pipe to absorb any 
ahockatowhiehtheongiDe might be snbjected by sudden varifttioQS in Bie supply of water. Theae 
eneioea are simple, having fen moving parte (and these not liable to get out of order), and 
it haa been proved in a competitive trial that Ihey gave a nseful e&bct of 89 per cent. ; they are 
deseed for use with a high-pressure supply, aud Bhould not be uEed with le«8 than 30 Ibe. 
pressure per square inch. 

It will easily be seen that, by Teversinr; the action, this tuachitie will fbmt an excellent pump, 
the eshanat pipe then becoming the suction and the supply the delivery pipe. 

The enbjoined list gives the pdwets developed at vanous heads. 
Pbicbs, &c., or ScHiiiu's Wateb Eboinb. 



Diameter of cylinder .. 


li" 2" Ui" 3" i" 5" 


6" 7" 8" 


9" 


10" 


Stroke of 


2'' ' 2i" 3J" 3|" 5" 6i" 


71" 9" 10" 


Hi" 


12J" 


Number ot revoloHons per min. 


300 276 230 ' 200 I.'ie 130 


112 100 96 


90 


86 


Gallons of water used per hour 


460,939 1S21 2274 4200 6900 


1026015000 20922 


30080 


36780 


„ „ discharged as al 

pump / 

Horse power for a head of 50 ft. 


3S4 


813 1370 2046 3780 6210 


9234 13500 


IBS29 


27027 


'13102 




.. .. -45' '85 1-3 


2 ' 3 


4'2 


5'6 


7-4 


.. n ,. 100 „ 




.. -6 -9 :i7 


27 


4 , 6 


8-4 


11.3 


148 


„ ISO „ 




■67 ■g 1-3 2-5 


4 


6-9 


I2'e 


17 


22-25 


., 200 „ 


■35 


■75 12 r8 13-4 


5'5 


8 12 


16-8 


22-7 


ai-7 


„ 250 „ 


■43 


■95 r5 2-25 4-25 


6-9 


10 1 15 


21 


28-4 


34 


„ 300 „ 


-5 1-1 ! 1-8 ( 2-7 |5 

£10 £14 £18, £26 £34 

1 i 1 1 


8^3 


12 18 


25 


37 


44-5 


Price complete . . 


£44 £54 1 £65 

1 1 


£76 


£95 


£120 



Packing aud dehvery about 5 per cent 
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BBEBZirs BOT&BT WATXE EKGIKE, Fig. 42, is an extremely simple form of water motor 
witb very few jnovicg parts, and iheee unt liable to much wear. It conaiala of a caaiag bored out 
to receive two piston blocks, wbicb give an alternate abuttneot to each other. The 
pistona are connected by spur wheels, the motion of the pistons is tlierefore perfectly uniform 
and cnntinnons iu one direction, and no power is lost in overcomicg the inertia of rcciprocatinK 
parts, as in tlie ordinary engine, and a faeary fly-wheel is not requind, Pnmps are constracted 
on a eitnilar principle. Bee Section 3. 

Prices, &o., of Ubhben's Patent Botart Wateb EHOnms, Fig. 42. 

Diameter of piston 

Width of piston 

Number of revolutions per minute 

„ gallone of water used per hour 

Horse power obtained by a fall of 50 ft. 

„ ,. ,. 100 „ 

„ „ .. 150 ,. 



i" 


6" 


■M" 








3200 


7700 


■7 


1-75 


1'4 


3-5 


2-25 


53 


3 


7 


3-75 


9 


i-5 10-7 1 


£23 5». 


£27 



ir 


15" 


8" 


10" 


Ifll 


152 


.^8000 


43000 


7-5 


9-5 


15 


19 


K2-6 




30 




87-5 


47-5 


4.5 




£81 


£126 



THBEE-CTLniDEK WATZB EHOIUZB, Fig. 43. This bind of engine has been employed 
for a great variety of purposes with very good results, anil, like the engines referred to in the pre- 
ceding pages, it possesseB many advantages over the steam engine where water power is available. 
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It occupies less space, reqaireB but little alteotioD, aad there Sx no risk of flie uad consequent 
' ' ' X preminm, no delay is caused by having to get up ste^im, the 

full power of the engine ma; be obtained at a moment'snotiee, 
ondtbere ia nolbing correBpuading to tUe loss of fuel, which 
is BOstuined when the sleam eagioti is no longer reqniied, and 
thofirehaslobedrann. These motors are not recommended 
for nse with less pressure than 25 lbs. per square inch, 
but ther will work at any pressure up to TOD lbs. per 
sqnare inoh, and are snituble for use in mines for driTiug 
drama, capstans, opening and clothing look gates. &G. With 
presaurea below 25 lbs., more economical results will be 
obtained from a turbina or water wheel. 

The engine, Fig. 43, consists of three vibrating cjlin- 
dera working on a hollow trunnion in which are formed 
the nacpssary inlet and ontlet ports. Tlie three plungers 
with bearings at one end, not upon the crank pins in 
turn, thus cansing the crank shEift to rotate. The 
wliole ia ciuried in a neat casl^iroii frame, and may be 
easily fixed to a timbi.>r or otUcr suitable foimda-. 



Fig. 13. 

Pbicbs. i 



S Ctlindbb Wateb Engiheb, Fig. 43. 



Length of atroke „ 

Number of gallons of water used per minute. . 

Horse-power with a pre.-Bure of lOOlbs 

Approximate weight iu o«t<. . . 

Price 


2" 

.5 
60 

i 

£1U 10 


T 

50 
812 

1 
3 
6 
£22 


3" 
6 
50 
1565 

H 

i 


1" 

2777 

3 

7 

15 
£40 



Packing for ijhipment and carriage abont 5 per cent 
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LAKCASHQtE BOILEB, Fig. 44, and GOEBISE BOILEB, Fig. 46. The Lancashire 
boiler has two flues which converge into a combustion chamber, whilbt the Cornish boiler, Fig. 
46, has Ubually one flue or tube, and to tliat extent tlie latter may bo considered a more simple 
construction tlian the former, but the Lancashire boiler has some advantages, especially where 
great power is required. In large boiiers the two flue tubes form good stays for the flat ends ; 
the fire grated can be made of the proportions which give the greatesit economy (very large 
grate surfaces ha\ ing been proved to be less economical than those of moderate dimensions). 
If the flues are stoked aitcrnutily a more even temperature is maintained, the heat in one 
furnace is always at its highest when the other is at its lowest, and the two flues converging 
into one combustion chamber, it follows that the gasts from the hottest furnace ignite and 
consume the thick smoke from the other which is being stoked, so that no unconsumed 
products ought to escape from the chimney in the form of black smoke. 

A range of large boilers are often fitted with lifting bridges, a tube connecting the two 
furnaces in the front, and after a furnace has been newly fired, the bridge is lifted by a lever 
in the front of the boiler, and the whole of the smoke is made to p»ss over the other furnace. 
In all large works there is at least one boiler more than is necessary for daily use, so that any of 
the boilers may be laid off for periodical examination and repair when it is required. 

The quality of material is usually best Stafibrdshire plates throughout, excepting in the tube 
over the furnace, the plates there being Low Moor, Famley, or other approved quality, and 
each boiler is tested by hydraulic pressure to about twice its working |<res8ure. 

Dimensions and Prices of Lancashibe Boilebs, Fig. 44. 



Nominal horse-power ,4 • . • • . 

Length ..... •• •. •• •• 

Diameter .. .. •• •• •• •• 

Diameter of each flue • • • • • • . . 

Diameter of dome . • . » 

Height of dome 

Price of boiler • • 

„ „ with mountings 

Approximate weight in tons . . . « . . 
„ measurement in cubic ft. . • • . 



20 


25 


30 


35 


40 


22' 0" 


25' 0" 


28' 0" 


30' 0" 


35' 0" 


6'0" 


6' 3" 


6' 6" 


7'0" 


7'0" 


2' 3" 


2' 4" 


2' 6" 


2' 9" 


2' 9" 


2' 6" 


2 ' 9" 


3'0" 


3'0" 


3'0" 


3'0" 


3' 0" 


3' 3" 


3' 6" 


3' 6" 


£185 


£210 


£255 


£320 


£420 


£220 


£250 


£300 


£375 


£480 


S} 


9* 


11 


14 


in 


1100 


1350 


1750 


2000 


2400 



Diuensions and Prices of Cornish Boilers, Fig. 46. 



Nominal horse-power 

Length 

Diameter 

Diameter of flue •• .. 
Diameter of dome .. •• 
Height of dome • • 

Price of boiler 

,, ,, with fittings . . 

Approximate weight in cwt. 

„ measurement in c. ft. 



3 

8' 6" 
3'0'^' 
1'6" 
1'3" 

1' :V' 

£40 

£.')5 

27 

110 



10'0"10'0" 
3' 3" 3' 6" 
1' 8" 1' 10" 
1'6" 1'8" 



.1' 6" 

£50 

£65 

33 

150 



r9" 

£55 

£70 

36 

190 



8 10 
12' 0" 14' 0" 
4'0" 4' 3" 
2' 0", 2' 3" 
2'0" 2'0" 
2' 3", 2' 3" 
£65 ; £75 



£85 
45 
300 



£100 

55 

400 



12 
15 0" 

4' 9", 
2' 6" 
2' 0" 
2' 3" 
£85 
£115 
65 
500 



16 

20' 0" 
5' 0"| 
2' 9" 
2'0" 
2' 3" 

£125 

£u;o 

100 
760 



20 
22' 0" 
5' 3" 
S'O" 
2' 3" 
2' 6" 
£155 
£195 
125 
900 



25 
25' 0" 
5' 6" 
3'0" 
2' 6" 
2' 9" 
£200 
£245 
IGO 
1450 



30 

30' 0" 
6'0" 
3'0" 
2' 9" 
3'0" 

£250 

£300 
200 

1630 




The GALLOWAY TUBE, Fig. 45, serves the double purpose of 
strengthening the flue, and increasing both the rapidity of circulation 
and the heating surface. The diameter of the tube just under the top 
flange being greater than the diameter of the other end, induces the 
more rapid circulation of the water and at the same time renders them 
easy of application to existing boilers. The prices of the tubes 
are as follows : — 

Not exceeding 2' 6" long, £1 15 each. 

3'0" „ £2 

3' 6" „ £2 5 

4' 0" ., £2 10 



»9 



>» 



>» 



»> 



M 



The cost of tubes with rivet holes punched is 2s. per tube extra. 

The exact internal and external diameter of the flue to be fitted, 
and the number of tubes, or the length of the flue, and a sketch 
showing the length of each plate in the flue, should be furnished when 
tubes are required to be fitted to an existing boiler. 



Fig. 45. 
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The BOILEBmTIRQSarecleart7fihowDmPiK.4t^nliic1irepreB«iititwooramTigeofConi[Bh 



i built tbr the locomotive sbops of one of the India 
are such &s arc ubuuHj eupplied b; the Authors, and are 
boiler iiiMir.ini>e aocietiea. rhej amiint of furnece fiotit ( 
dead plate aod dumper, man-hole and mudhole wiih cot 
valve, feei valve, gauge cocks, gloss watei gauge, BourJo 
blow-off cook, nad fusihie plug in the crown of each tube, 
a high and low watei ludicalor. 



state tailnajs. The □ 
il the kind ctcommenileu i-j the 
ith ventilator, grate liiiis, bunTerg, 
!r and bridge, slop valve, lafety 
'ri or other bteam-preBaure eauKe, 
Thcee boilers were also flttM wittk 



SOQ-Ein) lOILEBS. The agg-end boiler is nDdoubtedlj the Btmplesf form now em- 
ployed, but il is by no meiins economical in consumption of fuel in proportion to the Bte«m 
l^iiurated, and should only be used where the water is fool, or where fuel ia eitremely 
cheap, or at iron or other works where the heat fiom furnaces can be utilised for the 
production of steam. Under Buch conditions the low fiiat cost of egg-end boilers, the facility 
for oloitning and oonseijuent long life are good teaennB in favour nf their adoption. Boilers of 
the larger sizes have the lonjiritudinal Beams double rivetted, and tbey are usually made with 
Biimiapherical ends, but dithtd ends can be used if the larger sizes have longitudinal or gusset 
stays, or both. No domes are included in the list price, but these will be added, or any other 
alteration in detail if detired. The cost of fittings will not vary much from those given for 
the same h"i8e-powera for Cornish boilers ; the separate cost of any single fitting or moaoting 
will be fuQud in tiection 7. 



Nominal hotse-power . . 

Length 

Diameter 

Approximate weight in cwt. 

„ meaauromentino. ft. 

Prioe of boiler (without dome) . 



3 


, 


6 


, 


R 


9 


n 


Ifi 


20 


ro'O' 


IV 0' 


ll'O-'U'O' 


Ifi'O 


20' r 24-0' 


2K'0' 


2S'0" 


S'O" 


.'i' 0" 


fl'fi" 


4' 0" 


40' 0' 


4'0" 


4'f)" 


4'fi' 


S' 9" 


22 


2.1 


,<m 


.15 


40 


.->« 


fiO 


la 


100 


nil 


MN) 


nil 


•iVi. 


SfiO 


mt 


390 


.SVII 


inno 


£25 


£28 


£35 


£40 


£45 


£55 


£70 


.. 


£110 



EOBIZOHTAL BEm-HULTlTUilllLAX BOILES, Fig. 47. Theonter shell and internal Bat 
are cylindrical and thu ends Oat ; the front psrt of the flue is arranged with a fire-grate, like 
that for a Cornish boiler, h. tubn plate is fixed in the fine at a short di^t ince behind the famo'-e, 
and a number uf wrought-iron (or hrass) tubtB pass from this to the back of the boiler. It has 
been ascertained by experiment that the first few inches of the tubes in any multitubular 
boiler are a9 valuable for the production of st^am aa the whole of the remainder, and when it 
is also remembered that the longer the tubes, the greater the diffictitty in mniniaining the 
required draught, it will be easily realised that the oomparative ghortne«s of the tubt s in tlie 
boiler (Fig. 47) 19 by no means a defect, but that very economical results may bo obt^ed from 
its employment. 
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PUCTES, *a, OF PaTBNT HoBIZONTAL SEUI-MCLTimflnLAB BOILBBS, Fig. 47. 




6 8 10 


2 


14 


16 1 20 


25 1 30 




10' 0" 13' 0" 14' 6" 


U' 81" 


17' 0" 


19' 0" 22' 0" 


25' 0" . 2ir 6" 


Diameter 


4' 3 " *■ i" . 4' S" 


6' 3" 


S'3" 


6' 8" 


6' 2" 


0'4"l 6'!," 


of Duo .. 


2-4" 1 2' 5" i 2'8" 


2' 10 


3'0" 


3' 2" 


3' 6" 


3- 6" 2-2' 6- 


of tubes .. 


2i" 2|" 1 2j" 


2i" 


2J" 


2j" 




2j" 2^;" 


Nnnjber of tubes 


24 1 28 ■ M 


38 


43 


48 


50 


to 70 


Price of boiler-. 


£85 ' £109 £l:i5 


£1.52 


£172 


£197 


£217 


£3 3 £3(i3 


„ and Allmga 


£100 £126 £U7 


£174 


£200 


£226 


£279 


£336 £IOU 


Approximate mensure-l 
mentincubioft ..} 


180 245 320 


410 


470 


630 


850 


1000 1120 



The fittiags include wrouKht-iron man liole and suitable cover planed on tliiii BurfBOes, 
furnace front and fire door, dpud plate, bearer barii atid bracket, biidge, fnmace bars, double safety 
valve and atop valvp, intemal collecting pipe. glitsB Toiler gange, two gaiue cocks, patent Bte«m- 
pteaaure gauge and gun-metal gland bluw-off cock with auiiable elbow and fixing. 
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KBulU. Iq a carerul' set of eiperimfnta made bj Mr. T. Box on a 40 horse-power boUet 
of this tjpe, it was found that 1 lb. of Wehih coal evapurated 11-8 lbs. of iratcr: 1 lb. of 
Newcastle coal 10 lbs., and that inferior codl evaporated 8*4 times its weight of water. The 
fire grate is indepeDdeut of tlie boiler, and can r^ulilj be enlarged to bum gawduat or other 
refbse, and for Ibis reason many of these boilers ere employed b; ssw-mill propTTBtors, Ac. The; 
occupy obly a third of tbe Qoor space required by Lancashire boilers of equal power, and Ihe 
airaQgement is Buch that they are easily cleaned; and their durabilitjf is lemarkable, many 



Fig. 4 



Crois Sedioi 



having been worked for upwards of ten years without requiring any repairs. Small bnlk is 
often a feature of much importance, espei'ially when boilers are required for ebipment and 
transport by land. Their safety in use is proved by the fact, that, ajtbougb some hundreds are 
at work, not a single accident has yet occurred. The cost is somewhat greater tlum tbat of the 
boilers previoualy referred to, but it must aot be forgotten that they occupy less space, and 
that less brickwork is required for setting- 







Horat^power 12 | 16 

Diameter 4'6"i5'0" 

Length i ff 0", 8' 1" 

Price of boUer and filtinge .. £185 £245 


20 25 30 40 
5' 6" 5' 6" 1 6' 0" 16' 6" 
I0'0"ll'0"12'0"13'0' 
£285 £315 1 £380 £445 


50 60 

7' 0" T 0" 
14'0"|15'0' 
£520 £380 


80 100 

7"6" 8'0" 
16' 0";n' 0" 
£650 S30 
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o dead pbte, bearer, and farnace bats, back soot door, Btroight tnud 
« obininey flue fitted with soot door and dampei' with weight and 
Ive, Btop wve, water gaoge, gaoge glases, gaage cocks, feed valve, 



it ituoke box (3 ft. iong) to lead 

* "id chain, alio donUa safety 

e, blow-^ff valve, and patent 



UMiOXOTITI KULTITUBUIAB BOILZB, Fig. 50. Thia claBs of boiler b used almost 
nniversall; for locomotive, portable, and Bemiportable engines, the comparitive immnnilj from 
accidents under the high preBsuies with wtioK they are habitually worked, and the economical 
results obtained are well known. The bailer rests on two osBtings, that under the flie-box 
forming an a«h-pan, fitted with a door in front, by which the qnantitv of air admitted beneath 
the flreban can no regulated ; the other snpports the smoke-hoi, and is used aa a water tank. 
DimtmoHB AHD Pucn or Looouotivb MuLirmBCLAB Boilsbs, Fig. SO. 



Nominal horae-power 




3 


4 


. 1 e 


7 


8 


9 


]0 


Height of fire boi 
WiSh .. 




3' 4" 


3' 8" 


3' 10" 4'1" 


4'1" 


4' 4" 


4' 4" 


4' 5" 




2-4J" 


2- 7i" 


2' 9" 2' 111" 


2' Hi" 
2' 4^ 


8' ir 


8' li" 


?P 


Length .. 




1' 10" 


2' 3" 


2-3" 


2' 4" 


2' 6 


2-8" 


Diameter of barrel 




vp- 


2' li" 


2' 3" 


2' 5" 


2' 5" 


2' 7" 


2' 7" 


2' 10" 


Length of barrel .. 




5' 3-' 


5' 6" 


fi'6" 


6'0" 


6' 4" 


6' 8" 


6' 8" 


Number of lubes .. 




15 


19 


28 


23 


25 


27 


29 


83 


Diameter of tubes 




2i" 


2i" 


2i" 


2i" 


2i" 


21' 


2i" 


2i" 


Price of boiler only 




£18 


£36 


£63 


£72 


£77 


£82 


£89 


£96 


Price of boiler and flltinga, in-\ 
eluding ash-pan and tanT ..| 


£60 


£71 


£78 


£87 


£94 


£100 


£107 


£118 


Approx. meosuremen 


in cubic ft. 


50 


70 


85 


100 


105 


120 


125 


145 


Approiimate weight 1 


nowt. .. 


16i 


18 


23 


26 


29 


32 


35 


40 
























12 


14 


16 


18 


2. 


25 


30 


Height of fire liix.. 






4' 9" 


4' 10) 


5' 2" 


5' 9" 


5' 9" 


6'0" 


6' 2" 






3' 5 J" 


8' H" 


3' Si- 


3' 11" 


3' 11" 


4' 2 


4' 4" 


Length '.'. '.'. 






3'0" 


3' 3" 


s' 5" 


8' 9" 


4'1" 


4'0" 


4' 3" 








2' 10" 


3' Oi" 


8'4|" 


3' lOi" 


3'lOi' 


4' IJ" 


4'3i 


Length of barrel ■• 






7'3" 


7'5i" 


8' or 


8' 3*" 


8' 4" 


8' 8" 


Number of tubes .. 






36 


37 


41 


47 


51 


60 


70 


Diameter of tnbei 






21" 


2J" 


2i" 


2i" 


3i" 


2J" 


2i" 


Price of boiler only 






£107 


£129 


£152 


£189 


£220 


£284 


£S31 


Prico of boiler aud 
ash-pan and tank 


fittings, inc 


uding' 


£129 


£158 


£181 


£220 


£252 


£318 


£365 




itfeit 


155 


les 


200 


270 


2«5 


310 


320 


Approximate wei^t in cwls. .. 




45 


50 


58 


74 


60 


90 


100 



tt water gauge, gauge cooks, 



ENGINES. BOILERS. Etc.— Sectiok i. 6i 

BoiletB or this oonstjDction are fceqnonllv mounted on wood or wronght-imn wheels, as 
shown in Fig. 51. These wheels are adapted for hot or cold dimatea (especially the former, 
where they are decidedly better than ordinary wood wheels), and. although very light, are 
extremely atroDg and durable. 



Fig. 51. 
Pbick or LoooHoom Mui^titubi^i^b Boilebs, Bjonuled as in Fig. 61. 



Nominal hotse-power 
Pr[ce of boiler and fittings 1 
monnted on wronght-iron | 



107116122131141 

I I I I 



The dimeiuioUB and weights are very nearly the n 



IS those given hr Fig. SO. 



VXRTIOAL BOILXBS, Fig. 52. These boilers occupy Tery little space, and roooire no 
brickwork setting, which causes a great saving in first outlay. The several fomu of this type 
include the loultitQbuIar, hanging-tube, and cross-tube boiler. Itecent improvements iti the 
process of working plfitefl admit of the shellsand fire-boxes being made without any loagitndinal 
rivetted joints, which produces an eiceptioually neat appearance, is convenient for fixing the 
mountings, and adds greatly to their strength, owing to the perfectly cylindrical form which is 
thos obtiuned : the grooving and corrosion, which invariably flnrt takes place at the longitudin^ 
joints of boilers, is also avoided. These remarks refer to boilers of moderate size. 

In the VXanoAL MULTlTUliULAB SOUXBS the water circulates ronnd Qie tubes whilst 
the gases and other products of combustion pass frem the fire-box through the small tubes to 
the smoke-box and from thence to the chimney, 

The EAJraDTG-TUBE BOILEBS haveanumberof water tubes, solid at the lowerend, fixed 
in the crown of the fire-box. The products of combuation, having beon made to circulate 
amongst these tubes by means of a bafSe plate, pass to the chimney thningh a straight central 
flue tube. 
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exterior, and are then conducted by a straight flue tube to the chimney. All these boilers give 
good results ; the two first named naturally effect greater economy in fuel, but the cross-tube 
boilers possess the advantage of greater simplicity of construction, and consequent facility for 
cleaning, rendering them peculiarly suitable for employment where only bad water can be 
obtained ; and numbers of them have been employed with extremely satisfactory results for 
supplying steam to cranes, travellers, small winding and pumping engines, &c. 

All of the boilers in the following list are of the best materials and workmanship, the shells 
being of best Staffordshire plates, and tube plates and fire-box crowns of Low Moor, Famley, or 
equal quality, and are fitted with safety valve and Salter's patent spsing balance, water gauge, 
gauge cocks, and blow-off cock, man-hole cover and bridges, mud-hole covers, fire-bars, fire-door, 
short chimney, &<*.. 



Dimensions and Prices of Vebtioal Multitdbulab Boilebs. 



Nominal horse-power 




2 


4 


6 


8 


10 


12 


Diameter of shell . . 




2' 6" 


2' 9" 


3'0" 


3' 6" 


4' 0" 


4' 3" 


Height of shell 




5' 6" 


6' 0" 


7'0" 


7' 0" 


8' 0" 


9' 0" 


Diameter of fire-box 




2' 0" 


2' 3" 


2' 6" 


3' 0" 


3' 6" 


3' 9" 


Height of fire-box . . 




1' 10" 


2' 0" 


2' 6" 


2' 6" 


4' 0" 


4' 6" 


Number of tubes . . 




12 


20 


24 


28 


36 


40 


Diameter of tubes .. 




2^ 


2^' 


2i" 


24" 


3" 


3" 


Price of boiler 




£28 


£35 


£45 


£50 


£80 


£100 


„ of boiler and fittings 




£36 


£45 


£57 


£65 


£98 


£120 


„ extra for felting and lagging 


£8 


£10 


£12 


£15 


£20 


£25 


Approximate weight in cwt. 


• • 


14 


16 


20 


24 


40 


48 


„ measurement 
cubic ft. 


"..} 


50 


60 


85 


110 


170 


200 



Vertical Hanging-Tube Boilebs. 



Nominal horse-power 




2 


4 


6 


8 


10 


12 


Diameter of shell . . 




2' 6" 


2' 9" 


3' 0" 


8' 6" 


4'0" 


4' 3" 


Height of shell 




5' 6" 


6' 0'^ 


r 0" 


7' 0" 


8' 0" 


9'0" 


Diameter of fire-box 




2' 0" 


2' 3" 


2' 6" 


3' 0" 


3' 6" 


3' 9" 


Height of fire-box . . ^ 




2' 6" 


2' 11" 


3' 6" 


3' 6" 


4' 3" 


4' 6" 


Number of hanging tubes 




12 


20 


24 


28 


36 


40 


Diameter of tubes . . 




2^' 


2i" 


2i" 


2i" 


3" 


3" 


Price of boiler 




£25 


£30 


£38 


£45 


£70 


£85 


„ of boiler and fittings 




£33 


£40 


£50 


£60 


. £88 


£105 


„ extra for felting and lagging 


£8 


£10 


£12 


£15 


£20 


£25 


Approximate weight in cwt. 


• • 


14 


16 


20 


24 


40 


48 


„ measurement 
cubic ft. 


in 1 

• • 


50 


60 


85 


110 


170 


200 



Yebtical Gboss-Tube Boilers. 



Nominal horse-power 




2 


4 


6 


8 


10 


12 


Diameter of shell .. 




2' 6" 


2' 9" 


3' 0" 


3' b" 


4' 0" 


4' 3" 


Height of shell .. 




5' 6" 


6' 0" 


r 0" 


r 0" 


8'0" 


9' 0" 


Diameter of fire-box 




2' 0" 


2' 3" 


2' 6" 


3'0" 


3' 6" 


3' 9" 


Height of fire-box . . 




2' 6" 


2' 11" 


3' 6" 


3' 6" 


4' 3" 


4' 6" 


Number of cross tubes 




1 


1 


2 


2 


2 


3 


Diameter of tubes .. 




6" 


6" 


6" 


6" 


8" 


8" 


Price of boiler 




£25 


£30 


£38 


£45 


£70 


£85 


„ of boiler and fittings 




£33 


£40 


£50 


£60 


£88 


£105 


„ extra for felting and lagging 


£8 


£10 


£12 


£15 


£20 


£25 


Approximate weight in cwt. 


• • 


14 


16 


20 


24 


40 


48 


„ measurement 
cubic ft 


".} 


50 


60 


85 


110 


170 


200 
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Pig. 52. Fig. SS. 

APFLIBT An) COBHIB FATEHT BOILEB, Fig. 63, gives a mBximDm heating mrftiae 
-with a mininiimi weight and bulk, and eipeiience l^s showa that it is at least equal to onjr 
boiler ottbat type in effioieoc; and dniability, and is superior to most of tliem. The uppei and 
lower portloDs of the ehell are (Ktnnected bj flanged joints bolted together, and the uptaka is 
secured to the cronn plate in a similar manner. The lower pact of the fire box is circular, but 
abore the fire door it is worked into a ^uara form to receive a, square upper boi, into which 
are fitted an; number of either parallel or taper tabes, end of euch diameter as maj b« most 
suitable for the size of the boiler and the heating aurfuce repaired. 

STAY-TUBE BOIUB. Another modification of Ihis Patent ooneiBts in making the outer 
shell square up to the crown of the tire box. Boles are drilled in the fire-box sliell oppiiBita to 
each tube ; these holes being slightly la^ei in diameter than the tubus, the stays for the outer 
shell pass through the centre of each water tube, and each slay is Stted with a solid ended 
braae nut with a conical face, which impinges ou the drilled hole in the fiie-box. This fotma a 
■team-ti^t joint without any cement or packinhr, and the nut and ttay can be removed as often 
as may be necesear; for the purpose of cleaning the tubes with a scraper, or for replacing a 
defective tnbe, without takinj; the boiler apart ; the upptr portion of the boiler is cylindrical, 
and the flanged bolted joint sbjve referred to, and shown in fig. 53, is " 
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0A8 BOILERS. The use of gas for generating steam is a subject which has received 
considerable attention, and is now successfully carried out in mauy places. The boilers are 
generally (though by no means necessarily) of the vertical type, and have either a large 
number of vertical smoke-tubes or water-tubes across the fire-box. Appleby's Patent Boiler, 
described at p. 63, is very suitable for the purpose. Gas, as a fuel, has several advantages 
over coal, coke, &o., viz. : — ^No stowage room is required on the premises ; it can be lighted and 
turned on to f uU pressure at a moment's notice ; it can be regulated so as to keep the boiler at 
an almost uniform temperature, does not require the continual attention of a man, can be 
turned off immediately steam is no longer required, or it can be turned down and safely left, so 
as just to keep steam up ready for starting again. It is, however, a somewhat expensive fuel, 
and can certainly not oe recommended for large boilers, or where coal is cheap, or a large 
quantity of wood or refuse can be employed. There is, however, this very important considera- 
tion, that, where a gas boiler is used, the insurance offices do not require the additional premium 
which is charged if an ordinary steam boiler is fixed in the premises. The saving in this item 
alone will go very far towards covering the extra cost in first outlay and working expenses, 
even where the steam has to be constantly kept up ; but if the power required is small, or the 
work intermittent, the extra premium on a valuable stock wUl probably be far more than 
is charged for the whole of the gas consumed. 

The cost of gas boilers, constructed to work with great economy, including burners and all 
fittings, is — 



Horse-power 
Price .. 



£80 



£100 



£120 



MAUTHE BOILEBS. The limited space available in vessels almost invariably involves the 
ilse of specially-desigaed boilers, and hence there is great variety in form ; but the plain 
cylindrical boiler with return smoke tubes, as shown in the steam-tug. Fig. 28, is the type 
generally employed, and is, therefore, referred to in the accompanying Price List. This form 
of boiler occupies but small space, has a large heating surface, and being cylindrical, great 
strength is obtained without the introduction of the complicated stays required in most of the 
boilers which are specially designed with a view of economising room. 

Pbices of Cylindbical Mabinb Boilers. 



Nominal horse-power 




6 


8. 


10 


12 


15 


20 


Diameter of boiler . . 




4' 3" 


4' 6" 


5'0" 


5' 3" 


5' 6" 


5' 9" 


Length of boiler .. 




5' 6" 


6' 0" 


6' 6" 


T 0" 


T 0" 


8' 0" 


Diameter of grate flue 




2' 3" 


2' 4" 


2' 6" 


2' 9" 


2' 9" 


3' 0" 


„ of return tubes .. 




2i" 


2J" 


2J" 


2i" 


2\" 


2f" 


Number of return tubes . . 




30 


36 


42 


48 


50 


50 


Diameter of dome .. 




1' 6" 


2' 0" 


2' 0" 


2' 0" 


2' 0" 


2' 3" 


Height of dome 




1' 6" 


2' 0" 


2' 0" 


2' 0" 


2' 0" 


2' 3" 


Price of boiler .with smoke-boxl 
and chimney .. .. ../ 


£100 


£120 


£135 


£150 


£175 


£225 


Price of boiler and fittings 


« • 


£115 


£138 


£155 


£175 


£200 


£250 


Approximate weight in cwt. 


« • 


32 


48 


56 


66 


75 


85 


„ measurei&ent 
cubic ft. 


".} 


100 


120 


165 


190 


210 


270 



The fittings in(3luded in the second price, in addition to furnace work, are safety valve with 
Salter's spring balance, glass water-gauge, gauge cocks, blow-off cock, scum cock, steam- 
pressure gauge, and fasible plug. The measurements are given exclusive of dome. 



FTTEL-FEEDIHa AFFABATUS, or STEAM 8T0EEB, Fig. 54. The advantages of an 
uniform admission of fuel to the furnaces of boilers (instead of the more usual plan of feeding 
at irregular intervals) are so obvious that it is not surprising so many attempts have been 
made to introduce mechanical stokers. Amongst the earliest was that known as Jucke's, in 
in which the fuel is placed on an endless chain i arried by two rollers driven by the engine. 
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This endless chain farmB the flrc-Jnrs, and mares so slowl; that the nnbttmt fuel placed on it 
at the Aimace mouth is delivered at the baok of the fumaoe in the form of aabes and clinkers. 
The rollers Euid chain are carried on a sort of 
troll;, so that the whole can be drawn ont whon 
necessary, and the furnace is made adjugUible to 
regulate the supply of fuel Many of these are still 
in use, but Jucke's furnace now has man; com- 
pelitoi^ and Henderton's Mechaoionl Stoker. Fig. 
51, is one of the moat suocessful. In this apparatus 
a hopper ia placed over the fire door, info which 
the fuel is put, and from which it is gradually fed 
into the furnace by automatic gear driven &om tile 
engine. The prices of these stokers range &om 
£95 to £70. according to size. 

EEKSEBSOira PATEirr HOTABLS IIBB- 
BAB8 are also useful in reducing the amouat of 
ash made, and are worth 15i, 6d. per cwt., including 
all the furnace work connected ihsrewitb. 

BELF-AOnva 0&HFEB8. The regulation of 

the quantity of air admitted to a bailer fumaoe 

is a very important pcant, and as fiiemen do not 

Pig, j54_ always attend to the ordinary dampers, several 

BiIf-adjuHting damperg have been employed with 

fsoellent resulte. That illuslmled in Fig, 5.') is a good example. In Ibis damper l^e opening 

is tegulatod by the steam presaora in the boiler, and it can be a4]0Bted to suit the requited preeeuro 



by sbifling the balance bnll, Th^re is a small stop which prevents the damper fnun olosiiie 
entirety, bo that the smoke always has free exit. The price of these dampers la £19 each, and 
they are made to suit the dimensions oftheflua to which they are intended to be applied. 

SHOEE-COITOTOIin} AFFABATUB. The number of methods piopwed for consuming 
smoke is so great thiit it would be impossible even to enumerate them here; it may not, however, 
he out of place to mention a few of the principal ones. Papin proponed to make the smoke 
descend through the fire, the necesBnry draueht being obtained by a blower, and although this 
idea is excellent in tlitory. it has been found impracticable. The plan adopted by Watt was to 
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pIbm a wide dead-plftto betneen the furnace doon aud the fire bera, and cm it coke the coSi 
tMfore buiQlQg it. In this method the smoke and gasea eTolTed from the fresb coat U eoa- 
mmed vhibt passing' over the inoandeMent maaa of fuel at the back of the fiimaoe, aod 
it is so simple and effeotive tbat, b; oarefully placing the fieah coal in the front pait of tbe 
Are grate and leaving it there to coke, any ordinary fumace may be made to work very nearly 
imokelessly. Many schemes for smoke-consuming have been designed on the ]»iaaiple of 
introduiriug a i^uantity of air aboM the fire-bure aufflolent to ensure the combustion of the 
smoke, Ac, bot it has generally been found too difficult to regulate the supply of air, as whea 
the furnace receives a fieeh charge of ooal, a larger quantity of air is required than at other 
timoa; it, however, a mechanical stoker (such as Henderson's, Fig, 51) is used, the admission of 
air through the ventilators in the fire door can be eoeurately regulated ; and it shoulil not be 
forgotten that in conauming smoke we not only get rid of a nuisanoe, but obtain a marked 
saving of fiieL Prideanx's fire doon, in which the air enters tbrough a number of Venetian 
lattices, and is warmed by contact with malol plattrS before reiiching the furnace, have given 
good reaaits. 

FXKD-WATEB HEATER. Amongsl the various oontrivanoes for economising fuel, none 
have better attained their object than feed-water beaters. The kind shown m the engraving 
of tbe horizontal ooudenslng engine. Fig. 3, have been applied to many engines with very 
satisfactor; results. The heater consists of a cylindrioal casing having a aepaiale chamber ut 
each end ;' the two chambera are connected by a number of small tubes through which tuo water 
ii forced, and whilst traversing them, it takes ap a certain portion of heat from the exhaust 
steam whiuh circulates outside the tubes. 

Another good form of fned-water heater is 
that shown in E^g. 56, consisting of n cast-iron 
cylindrical casing divided up by a numiier of 
discs and diapl^|m8. The exhaust steam is 
earned to circulate taaide these d iaplim gnu. wliilst 
the f^ed water traverses the outeide, the latter 
naturally absorbing a great deal of heat from the 
former. A small pipe is shown at the bottom fur 
carrying off snch of the steam as may be con- 
densed. The outside of the casting is felled and 
la^ed with mahogany, which gives it a neat 
eppeannce, and adds to its efficiency. It is 
sometimes urged against water beaters that they 
soon get choked with deposit when ttie water used 
is at all foul, but it should not be forgotten that 
all the sediment would have settled in the boiler 
ifithadnotbeenarreatedin the heater, and Oiat it 
is a comparatively easy matter to clean the 
heaters. 



Pbiobb, So., or Applebi's Fbid-Wateb Hbateb. 



Nominal Iiorw-power engine . 
Pdce of suitable water heater . 



i: 


22 


25 
to 
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to 


35 
to 
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n 


M 
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Pmceb. fta. or Watbb HiiTiB, Fig. 56. 
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Price of suitable water heater .. 


£1B 


£18 £20 


£22 £25 £29 £33 £38 £15 £55 


Hdght of Euitoble water beater .. 


■H" 


S9" 28" 


34", 30" 86", 36" 


42" 42" 51" 


Diameter 






18", 21" 21"! 24" 


24" 30". 30" 


Diameter of steam inlet 


2f' 




n 1 12 14 18} 


6" 6i", 7" 




Hi 


71' 91 


22 30 1 37 




1 




24 j 3^ S6 40 


43 51 ' 56 



Extra for felting and lagging about 2} per cent 
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USEFUL TABLES and MEMORANDA RELATING to PRIME MOVERS. 



AREAS AND CIECUMFEBENOES OF CIBOLES ADVANCING BY 

EIGHTHS OF AN INCH. 



ABEAS. 


CIKGUMFERENCES. 


Diam. 





i 


k 


t 


i 


4 


i 

.4417 


i 


DUun. 





i 


k 


t 


i 
L.670: 


* 

L.963' 


i 

2.356: 


i 


Diam. 





.0000 


.0122 


•0480 


.1104 


.1963 


.3068 


.6013 





.0 


.3927 


.7854 ] 


L.178: 


2.748 





1 


.7854 


.9940 


L.227 


1.484 


1.767' 


2*073 


2.405 


2.761 


1 : 


3.141: 


3.534: 


3.927 ^ 


1.319' 


1.7121 


5.105 


5.497 1 


5.890 


1 


2 . 


3.141, 


3.546. 


3.976 


4.430' 


4.908 


6.411 


6.939 


6.491 


2 ( 


B.283I 


S.675 ' 


L068' 


7.461 


T.854 


3.246 


B.639< 


9.032 


2 


3 


7.068 


7 669 


3.295 


B.946 


9.621 


10.32 


11.04 


11.79 


3 t 


».424< 


9.817 


10.21 


L0.60 


10.99 


11.38 


11.78 


12.17 


3 


4 


12.76 


13.36 


14.18 


15.03 


15.9D 


16.80 


17.72 


18.76 


4 


12.66 


12.95 


13.35 


13.74 


14.13 


14.62 


14.92 


16.31 


4 


5 


19.63 


20.62 


21.64 


22.69 


23.75 


24.85 


25.96 


27.10 


5 


15.70 


16.10 


16.49 


16.88 


17.27 


17.67 


18.06 


18.46 


6 


6 


28.27 


29.46 


30.67 


31.91 


33.18 


34.47 


35.78 


37.12 


6 


18.88 


19.24 


19.63 


20.02 


20.42 


20.81 


21.20 


21.69 


6 


1 


38.48 


39.87 


41.28 


42.71 


44.17 


46.66 


47.17 


48.70 


7 


21.99 


22.38 


22.77 


23'.16 


23.66 


23.95 


24.34 


24.78 


7 


8 


50.26 


51.84 


63.46 


55.08 


56.74 


58.42 


60.13 


61.86 


8 


25.13 25.52 


25.91 


26.31 


26.70 


27.09 


27.48 


27.88 


8 


9 


63.61 


65.39 


67.20 


69.02 


70.88 


72.75 


74.76 


76.58 


9 


28.2728.66 


29.05 


29.45 


29.84 


30.23 


30.63 


31.02 


9 


10 


78.54 


80.51 


82.51 


84.54 


86.59 


88.66 


90.76 


92.88 


10 


31.41 


31.80 


32.20 


32.59 


32.98 


33.37 


33.77 


34.16 


10 


11 


95.03 


97.20 


99.40 


101.6 


103.8 


106.1 


108.4 


110.7 


11 


34.55 


34.95 


35.34 


35.73 


36.12 


36.52 


36.91 


37.30 


11 


12 


113.0 


115.4 


117.8 


120.2 


122.7 


125.1 


127.6 


130.1 


12 


37.69 


38.09 


38.48 


38.87 


39.27 


39.66 


40.05 


40.44 


12 


13 


132.7 


135.2 


137.8 


140.6 


143.1 


145.8 


148.4 


151.2 


13 


40.84 


41.23 


41.62 


42.01 


42.41 


42.80 


43.19 


43.68 


13 


14 


153.9 


166.6 


159.4 


162.2 


165.1 


167.9 


170.8 


173.7 


14 


43.98 


44.35 


44.76 


45.16 


45.55 


45.94 


46.33 46.73 


14 . 


15 


176.7 


179.6 


182.6 


185.6 


188.6 


191.7 


194.8 


197.9 


15 


47.12 


47.61 


47.90 


48.30 


48.69 


49.08 


49.48 49.87 


15 


16 


201.0 


204.2 


207.3 


210.6 


213.8 


217.0 


220.3 


223.6 


16 


50.26 


50.65 


51.05 


51.44 


51.83 


52.22 


62.62 


53.01 


16 


17 


226.9 


230.3 


233.7 


237.1 


340.5 


343.9 


247.4 


250.9 


17 


53.40 


53.79 


54.19 


54.58 


54.97 


55.37 


55.76 


56.15 


17 


18 


254.4 


258.0 


261.6 


265.1 


268.8 


272.4 


276.1 


279.8 


18 


66.54 


56.94 


57.33 


57.72 


58.11 


58.61 


58.90 


59.29 


18 


19 


283.5 


287.2 


291.0 


294.8 


298.6 


302.4 


306.3 


310.2 


19 


59.69 


60.08 


60.47 


60.86 


61.26 


61.65 


62.04 


62.43 


19 


20 


314.1 


318.1 


322.0 


326.0 


330.0 


334.1 


338.1 


342.2 


20 


62.83 


63.22 


63.61 


64.01 


64.40 


64.79 


65.18 


65.68 


20 


21 


346.3 


350.4 


364.6 


358.8 


363.0 


367.2 


371.5 


375.8 


21 


65.97 


66.36 


66.76 


67.15 


67.54 


67.93 


68 .<2 


68.72 


21 


22 


380.1 


384.4 


388.8 


393.2 


397.6 


402.0 


406.4 


410.9 


22 


69.11 


69.60 


69.90 


70.29 


70.68 


71.07 


71.47 


71.86 


22 


23 


415.4 


420.0 


424.5 


429.1 


433.7 


438.3 


443.0 


447.6 


23 


72.25 


72.64 


73.04 


73.43 


73.82 


74.22 


74.61 


75.00 


23 


24 


462.3 


457.1 


461.8 


466.6 


471.4 


476.2 


481.1 


485.9 


24 


75.39 


75.79 


76.18 


76.67 


76.96 


77.36 


77.75 


78.14 


24 


25 


490.8 


495.7 


500.7 


605.7 


510.7 


515.7 


520.7 


525.8 


25 


78.54 


78.93 


79.32 


79.71 


80.10 


80.50 


80.89 


81.28 


26 


26 


530.9 


536.0 


541.1 


546.3 


551.5 


556.7 


662.0 


567.2 


26 


81.68 


82.07 


82.46 


82.86 


83.26 


83.64 


84.03 


84.43 


26 


27 


672.5 


577.8 


583.2 


588.6 


593.9 


599.3 


604.8 


610.2 


27 


84.82 


85.21 


85.60 


86.00 


86.39 


86.78 


86.17 


87.57 


27 


28 


616.7 


621.2 


625.7 


632.3 


637.9 


643.6 


649.1 


654.8 


28 


87.96 


88.36 


88«76 


89.14 


89.53 


89.92 


90.32 


90.71 


28 


29 


660.6 


666.2 


671.9 


677.7 


683.4 


689.2 


695.1 


700.9 


29 


91.10 


91.49 


91.89 


92.28 


92.67 


93.06 


93.46 


93.85 


29 


30 


706.8 


712.7 


718.6 


724.6 


730.6 


736.6 


742.6 


748.6 


30 


94.24 


94.64 


95.03 


95.42 


96.81 


96.21 


96.60 


96.99 


30 


31 


754.8 


760.9 


767.0 


773.1 


779.3 


785.5 


791.7 


798.0 


31 


97.39 


97.78 


98.17 


98.56 


98.96 


99.36 


99.74 


100.1 


31 


32 


804.2 


810.5 


816.9 


823.2 


829.6 


K36.0 


842.4 


848.8 


32 


100.6 


100.9 


101. S 


101.7 


102.1 


102.6 


102.9 


103.3 


32 


33 


855.3 


861.8 


868.3 


874.8 


881.4 


888.0 


894.6 


901.3 


33 


103.7 


104.1 


104.5 


104.9 


105.2 


105.6 


106.0 


106.4 


33 


•34 


907.9 


914.6 


921.3 


928.1 


934.8 


941.6 


948.4 


965.3 


34 


106.8 


107.2 


107.6 


108.0 


108.4 


108.8 


109.2 


109.6 


34 


36 


962.1 


969.0 


975.9 


982.8 


989.8 


996.8 


1003 


1010 


35 


IIO.O 


110.3 


110.7 


111.1 


111.5 


111.9 


112.3 


112.7 


35 


36 


1017 


1025 


1032 


1039 


1046 


1053 


1060 


1068 


36 


113.1 


113.6 


113.9 


114.3 


114.7 


115.1 


115.5 


115.8 


36 


37 


1075 


1082 


1089 


1097 


1104 


1111 


1119 


1126 


37 


116.2 


116.6 


117.0 


117.4 


117.8 


lid. 2 


118.6 


119.0 


37 


3^ 


1134 


1141 


1149 


1156 


1164 


1171 


1179 


1186 


38 


119.4 


119.8 


120.2 


120.6 


121.0 


121.3 


121.7 


122.1 


38 


39 


1194 


1202 


1210 


1217 


1226 


1233 


1241 


1248 


39 


122 6 


122.9 


123.3 


123.7 


124.1 


124.5 


124.9 


125.3 


39 


40 


1256 


1264 


1222 


1280 


1288 


1296 


1304 


1312 


40 


125.7 


126.1 


126.4 


126.8 


127.2 


127.6 


128.0 


128.4 


40 


41 


1320 


1328 


1336 


1344 


1362 


1360 


1369 


1377 


41 


128.8 


129.2 


129.6 


130.0 


130.4 


130.8 


131.2 


131.6 


41 


42 


1385 


1393 


1402 


1410 


1418 


1427 


1435 


1443 


42 


131.9 


132.3 


132.7 


133.1 


133.5 


133.9 


134.3 


134.7 


42 


43 


1452 


1460 


1469 


1477 


1486 


1494 


1503 


1511 


43 


135.1 


135.6 


135.9 


136.3 


136.7 


137.1 


137.4 


137.8 


43 


44 


1520 


1529 


1537 


1546 


1555 


1564 


1572 


1581 


44 


138.2 


138.6 


139.0 


139.4 


139.8 


140 2 


140.6 


141.0 


44 


46 


1590 


1599 


1608 


1617 


1626 


1634 


1643 


1652 


45 


141.4 


141.8 


142.2 


142.6 


142.9 


143.3 


143.7 


144.1 


45 


46 


1661 


1671 


1680 


1689 


169K 


1707 


1716 


1725 


46 


144.5 


144.9 


145.3 


146.7 


146.1 


146.5 


146.9 


147.3 


46 


47 


1734 


1744 


1753 


1762 


1772 


1781 


1790 


1800 


47 


147.7 


148.0 


148.4 


148.8 


149.2 


149.6 


160.0 


150.4 


47 


48 


1809 


1819 


1828 


1837 


1847 


1854 


1868 


1876 


48 


150.8 


151.2 


151.6 


152.0 


152.4 


162.8 


153.2 


153.6 


48 


49 


1885 


1896 


1905 


1914 


1924 


1934 


1943 


1953 


49 


153.9 


154.3 


154.7 


155.1 


155.5 


155.9 


156.3 


156.7 


49 


60 


1963 


1973 


1983 


1993 


2003 


2012 


2022 


2032 


60 


167.1 


157.5 


167.9 


158.3 


158.7 


169.0 


159.4 


159.8 


60 




D = Diameter. D = 


04159 ^^ ^^ "^ ''^^^ or C X .31831. 






A = Area. A = 1 


D2 X .7854 or (0-^ 3.5446)*. 






= Circumference. = ' 


D X 3.14159 or 3.5446 ^A. 






S = Contents of Sphere. 6 = 


D»x .5236. 








B = 


Cont 


ent3< 


ofCy 


linde 


r. ] 


B = 


A X ] 


engi 


h. ( 


Abe 


ingt: 


hear 


eaof 


one( 


jnd.) 





For Areas, &c., of higher numbers, see next page. 
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TABLE OF DIAMETERS, AREAS, AND CIRCUMFERENCES OF CIRCLES, 



AND 07 



SQUARES, CUBES, SQUARE ROOTS AND CUBE ROOTS. 



Num- 
ber. 


C'ircum- 
fereuoe. 


Area. 


Square. 


Cube. 


Square 
Root. 


Cube 
Root. 


Num- 
ber. 


Cirenm- 
ferenc« 


Area. 


Square. 


Cube. 


1 

Square 
Root 


Cube 
Root. 


1 


8*14 


0*79 


1 


1 


1*000 


1*000 


61 


191*64 


2022-47 


8721 


226981 


7-810 


3-936 


2 


6*28 


814 


4 


8 


1-414 


1*260 


62 


194*78 


8019 07 


8844 


238328 


7-874 


3-957 


mm 

3 


\/ mt\^ 

9 42 


7*07 


9 


27 


1*732 


1*442 


63 


197*92 


8117-25 


8969 


250047 


7-987 


3-979 


4 


12-57 


12-57 


16 


64 


2 000 


1*587 


64 


201-06 


8216-99 


4096 


262144 


8-000 


4-000 


5 


15-71 


19-63 


25 


125 


2-236 


1*710 


65 


204-20 


3818-81 


4225 


274625 


8-062 


4 020 


6 


18-85 


28 27 


86 


216 


2*450 


1-817 


66 


207-35 


8421-19 


4356 


287496 


8-124 


4041 


7 


21*99 


88-48 


49 


343 


2-646 


1-913 


67 


210-49 


8625-65 


4489 


300763 


8185 


*-061 


8 


2513 


60-27 


64 


512 


2-828 


2-000 


68 


218-63 


8631*68 


4624 


814482 


8*246 


4-081 


9 


28 27 


63-62 


81 


729 


8-000 


2-080 


69 


216*77 


8739-28 


4761 


828500 


8*806 


4-101 


10 


31-42 


78-54 


100 


1000 


8 162 


2-154 


70 


219-91 


8848-45 


4900 


848000 


8-867 


4*121 


11 


84-56 


95 03 


121 


1381 


8*817 


2-224 


71 


223-05 


896919 


6041 


857011 


8*426 


4140 


12 


87*70 


113 10 


144 


1728 


8*464 


2-289 


72 


226*19 


4071-50 


6184 


878248 


8*485 


4-160 


13 


40 84 


132-73 


169 


2197 


8-606 


2-351 


78 


229*84 


4185-89 


6329 


880017 


8-544 


4*179 


14 


43-98 


153*94 


196 


2744 


8*741 


2*410 


74 


282*48 


4800-84 


6476 


405224 


8-602 


4-198 


15 


47*12 


176*72 


225 


8375 


8*872 


2-466 


76 


285-62 


4417-86 


6625 


421875 


8-660 


4*217 


16 


60-27 


201*00 


256 


4096 


4-000 


2-519 


76 


238-76 


4586*46 


6776 


438076 


8-717 


4-235 


17 


63*41 


226*98 


289 


4918 


4128 


2*571 


77 


241^ 


4656-68 


5929 


456538 


8*775 


4-264 


18 


66 '55 


254*47 


324 


6832 


4*242 


2-620 


78 


245-04 


4778-86 


6084 


474552 


8-881 


4-272 


19 


69-69 


283*53 


861 


6859 


4*358 


J2 668 


79 


24819 


4901*67 


6241 


408030 


8-888 


4-290 


20 


62-83 


814*15 


400 


8000 


4-472 


2*714 


80 


251*38 


5026-55 


6400 


512000 


8-044 


4-300 


21 


65-97 


846*86 


441 


0261 


4-682 


2*758 


81 


264-47 


6158-00 


6561 


581441 


0-000 


4*326 


22 


6912 


8{{0-18 


484 


10648 


4-690 


2*802 


82 


257*61 


6281-02 


6724 


551868 


0*055 


4*344 


23 


72-26 


415-48 


529 


12167 


4-796 


2*848 


88 


260*75 


6410*61 


6880 


571787 


0-110 


4-862 


24 


75-40 


452-89 


576 


13824 


4*898 


2*884 


84 


263-89 


6541-77 


7066 


602704 


0*165 


4-870 


25 


78-64 


490-87 


625 


15625 


6*000 


2-924 


86 


267-04 


6674-50 


7225 


614125 


0*210 


4*306 


26 


81*68 


680-98 


676 


17676 


5-090 


2-962 


86 


270-18 


6808*80 


7806 . 


686056 


0*273 


4-414 


27 


84*82 


572*56 


729 


19688 


5*196 


8-000 


87 


278-82 


6944-69 


7560 


658508 


0*827 


4-431 


28 


87*96 


615*76 


784 


21952 


6*291 


8*036 


88 


276*46 


608212 


7744 


681472 


0-880 


4-447 


29 


91-11 


660*52 


841 


24389 


6*885 


8072 


89 


279*60 


6221-14 


7921 


704969 


0-488 


4-461 


80 


94-25 


706-86 


900 


27000 


5-477 


8107 


90 


282-74 


6361-72 


8100 


729000 


0-487 


4 481 


81 


97-39 


764-77 


961 


29791 


6*567 


8*141 


91 


285-89 


6603-88 


8231 


758671 


0*539 


4*407 


32 


100-53 


804*26 


1024 


82768 


6 657 


3-174 


92 


289*03 


6647-61 


8464 


778688 


0-501 


4-614 


83 


103*67 


855*30 


1089 


85937 


6-744 


3*207 


08 


292*17 


6792-91 


8640 


804357 


0-648 


4-680 


84 


106-82 


907*92 


1156 


39304 


6-830 


3*239 


04 


295-31 


6989*78 


8886 


880584 


0*605 


4-546 


85 


109-96 


962-11 


1225 


42875 


5-916 


3-271 


95 


298-45 


7088-22 


0025 


857375 


0*746 


4-562 


86 


113-10 


1017-88 


1296 


46656 


6-000 


3-801 


96 


801*59 


7238-23 


0216 


884736 


0*707 


4-578 


87 


116*24 


1075-21 


1369 


60653 


6-082 


3-332 


97 


304-78 


7389*81 


0400 


912673 


0-848 


4-504 • 


88 


119*38 


1134-11 


1444 


54872 


6164 


8*861 


98 


307-87 


7542*96 


0604 


941192 


0*800 


4*610 


89 


122-52 


1194-59 


1521 


69319 


6-244 


3-891 


99 


31102 


7697*69 


0801 


970299 


0*040 


4*626 


40 


125*66 


1256-64 


1600 


64000 


6-324 


8*419 


100 


814-16 


7858*98 


10000 


1000000 


10-000 


4-642 


41 


128-81 


1320*25 


1681 


68921 


6*403 


3*448 


101 


317-30 


8011-85 


10201 


1030801 


10*040 


4*657 


f2 


131-95 


1385-44 


1764 


74088 


6*480 


3*476 


102 


820*44 


8171-28 


10404 


1061208 


10.000 


4-672 


w 

43 


135*09 


1452-20 


1849 


79507 


6*557 


3*503 


103 


323-58 


8332-29 


10600 


1092727 


10*148 


4*687 


44 


138*23 


1520-53 


1986 


85184 


6*638 


3.530 


104 


826*73 


8494-87 


10816 


1124864 


10108 


4*702 


45 


141-37 


1590-43 


2025 


91125 


6-708 


3-556 


105 


329-87 


8659-01 


11025 


1167625 


10*246 


4*n7 


46 


144-51 


1661-90 


2116 


97336 


6-782 


3-583 


106 


333 01 


8824-73 


11236 


1101016 


10-205 


4-782 


47 


147*66 


1734*94 


2209 


103823 


6*856 


3-609 


107 


336-16 


8992*02 


11440 


1225048 


10*344 


4-747 


48 


150-80 


1809*56 


2304 


110592 


6*928 


3-634 


108 


339*29 


9160-88 


11664 


1259712 


10-302 


4762 


49 


153-94 


1885*74 


2401 


117649 


7-000 


3.659 


109 


342-43 


9331*82 


11881 


1295029 


10-440 


4*776 


60 


157*08 


1968-50 


2500 


125000 


7-071 


3-684 


110 


345-58 


9503 -82 


12100 


1331000 


10-488 


4-701 


61 


160*22 


2042*82 


2601 


132651 


7141 


3-708 


111 


848-72 


9676*89 


12821 


1867631 


10*536 


4 806 


52 


163-36 


2123*72 


2704 


140608 


7*211 


8 732 


112 


851-86 


9852*08 


12544 


1404928 


10-583 


4*820 


63 


166-50 


2206-18 


2809 


148877 


7-280 


8-756 


lis 


855-00 


10028*75 


12769 


1442897 


10-630 


4-834 


64 


169-65 


2290*22 


2916 


157464 


7-348 


3*779 


114 


358-14 


10207-03 


12996 


1481544 


10*677 


4-848 


65 


172-79 


2375-83 


3025 


166375 


7-416 


3-802 


115 


361-28 


10386-89 


13225 


1520875 


10*728 


4 862 


66 


175-93 


2463-01 


3136 


175616 


7-483 


3-825 


116 


364*42 


10568-32 


13456 


1560896 


10*770 


4*876 


67 


179 07 


2551*76 


8249 


185193 


• 7*549 


8-848 


117 


367-56 


10751*82 


18689 


1601613 


10 816 


4-800 


68 


182-21 


2642 08 


8364 


195112 


7^15 


3-870 


118 


37070 


10935*88 


13924 


1643032 


10-862 


4-004 


69 


185-85 


2733-97 


8481 


205379 


7-681 


3-892 


119 


373-86 


11122-02 


14161 


1685159 


10-008 


4-018 


60 


188-50 


2827*48 


8600 


216000 


7-746 


3-915 


120 


S76-90 


1130973 


14400 


1728000 


10*054 


4083 
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TABLE OF DIAMETERS, AREAS, Suh'-eonHnued. 



Nnm- 
bei*. 


Ciicnm- 
ference. 


Area. 


Square. 


Cube. 


Square 
Boot. 


Cube 
Root. 


Num- 
ber. 


Circum- 
ference. 


Area. 


Square. 


Cube. 


Sfluare 
Boot 


Cube 
Boot 


121 


380.18 


11499-01 


14641 


1771561 


11-000 


4-946 


186 


684-34 


27171-6 


34696 


6434866 


13-638 


6*708 


122 


383-27 


11689-87 


14884 


1815848 


11-045 


4-959 


187 


687-48 


27464-6 


34969 


6539203 


13-674 


5*718 


123 


386-41 


11882-29 


15129 


1860867 


11-090 


4-973 


188 


690-62 


277591 


35344 


6644672 


18-711 


5*728 


124 


389-56 


12076-28 


16376 


1906624 


11135 


4-986 


189 


593-76 


28056-2 


35721 


6751269 


13-747 


5*738 


125 


892-70 


12271-85 


15626 


1963125 


11-180 


5 000 


190 


696-90 


28362-9 


86100 


6859000 


13-784 


6-748 


126 


395-84 


12468-98 


15876 


2000376 


11-224 


5-013 
















127 


398-98 


12667-69 


16129 


2048383 


11-269 


5-026 


191 


600-04 


28652-1 


86481 


6967871 


13-820 


5-758 


128 


402-12 


12867-96 


16384 


2097152 


11-314 


5-039 


192 


603*19 


28952-9 


36864 


7077888 


13-856 


6-768 


129 


406-27 


13069-81 


16641 


2146689 


11-357 


6-052 


193 


606-83 


29255-3 


37249 


7189067 


IS -892 


6-778 


130 


408-41 


13278 23 


16900 


2197000 


11-401 


5-065 


194 


609-47 


29559-2 


37636 


7301384 


13-928 


6-788 
















195 


612-61 


29864-8 


38026 


7414875 


13-964 


5-798 


131 


411-66 


13478-22 


17161 


2248091 


11-446 


5-078 


196 


615-76 


80171-9 


88416 


7529536 


14-000 


6-808 


132 


414-69 


13684-78 


17424 


2299968 


11-489 


6-091 


197 


618-89 


30480-6 


88809 


7645378 


14-035 


6-818 


133 


417-83 


13892-91 


17689 


2352637 


11-532 


6-104 


198 


622-04 


30790-7 


39204 


7762392 


14-071 


5-828 


184 


420-97 


14102-61 


17956 


2406104 


11-575 


6-117 


199 


625-18 


81102-6 


39601 


7880699 


14106 


5-888 


135 


42412 


14313-88 


18225 


2460376 


11-618 


6-129 


200 


628-32 


81416-9 


40000 


8000000 


14-142 


6-848 


136 


427-26 


14526-72 


18496 


2515456 


11-661 


6-142 
















137 


430-40 


14741-14 


18769 


2571353 


11-704 


6-156 


201 


631-46 


31730-9 


40401 


8120601 


14-177 


5-857 


138 


483-64 


1495712 


19044 


2620872 


11-747 


5-167 


202 


634-60 


32047-4 


40804 


8242408 


14-212 


6*867 


139 


436-68 


16174-68 


19321 


2686619 


11-789 


6-180 


203 


637-74 


82365-5 


41209 


8366427 


14-247 


6-877 


140 


439-82 


16893-80 


19600 


2744000 


11-832 


6-192 


204 


640-88 


32685-1 


41616 


8489664 


14-282 


5-886 
















205 


644-03 


33006-4 


42026 


8616125 


14-317 


6-896 


141 


442-96 


15614-60 


19881 


2803221 


11-874 


6-204 


206 


647-17 


83329*2 


42436 


8741816 


14-352 


6-905 


142 


44611 


16836-77 


20164 


2863288 


11-916 


6-217 


2o7 


650-31 


33653-5 


42849 


8869743 


14 387 


6-915 


143 


449-26 


16060-61 


20449 


2924207 


11-958 


6-229 


208 


663-45 


33979-5 


43264 


8998912 


14-422 


6-924 


144 


452-39 


1628602 


20736 


2985984 


12-000 


5-241 


209 


666-59 


848070 


48681 


9123329 


14-456 


5-934 


145 


455-53 


16513-00 


21026 


3048625 


12-041 


5-258 


210 


669-63 


346861 


44100 


9261000 


14-491 


6-943 


146 


458-67 


16741-65 


21316 


8112136 


12-083 


5-265 
















147 


461-81 


16971-67 


21609 


8176523 


12-124 


5-277 


211 


662-87 


34966 -7 


44621 


9303931 


14-626 


6-953 


148 


464-96 


17203-36 


21904 


8241792 


12-165 


6-289 


212 


666-01 


36298-9 


44944 


9528128 


14-660 


5-962 


149 


46810 


17436-62 


22201 


3307949 


12-206 


5-301 


213 


669*16 


35632-7 


45869 


9663597 


14-594 


5-972 


150 


471-24 


17671-46 


22600 


3376000 


. 12-247 


5 813 


214 


672-80 


35968-1 


45796 


9800344 


14-628 


6-981 
















216 


676-44 


86305 


46226 


9988376 


14-662 


5-990 


151 


474^ 


17907-86 


22801 


3442961 


12-288 


5-325 


216 


678-58 


36643-6 


46656 


10077696 


14-696 


6 000 


152 


477-62 


18145-84 


23104 


3611808 


12-328 


6-336 


217 


681-73 


36983*6 


47089 


10218313 


14-730 


6-009 


153 


480-66 


18386-39 


23409 


8681577 


12-369 


6-348 


2^8 


684-87 


37326-3 


47524 


10360282 


14-764 


6-018 


154 


483-81 


18626-60 


23716 


3652264 


12-409 


6-360 


219 


688-01 


87668-5 


47961 


10603469 


14-798 


6-027 


155 


486-96 


18869-19 


24026 


3723876 


12-449 


6-371 


220 


691-16 


38013-3 


48400 


10648000 


14-832 


6036 


156 


490-09 


19113-45 


24336 


8796416 


12-489 


6-383 
















157 


493-28 


19369-28 


24649 


3869893 


12-529 


6-394 


221 


694-29 


88359-6 


48841 


10793861 


14*866 


6-045 


158 


496-37 


19606-68 


24964 


3944312 


12-569 


6-406 


222 


097-43 


38707-6 


49284 


10941048 


14-899 


6-055 


159 


499-61 


19856-66 


25281 


4019679 


12-609 


6-417 


223 


700-67 


39057-1 


49729 


11089567 


14*933 


6-064 


160 


602-65 


20106-19 


25600 


4096000 


12-649 


6-428 


224 ' 


703-71 


39408-1 


60176 


11239424 


14*966 


6073 
















226 


706-86 


39760-8 


60625 


11390625 


15-000 


6082 


161 


505'80 


20358-31 


25921 


4173281 


12-688 


6-440 


226 


'710 00 


40116-0 


60076 


11543176 


15*033 


6091 


162 


608-94 


20611-99 


26244 


4251628 


12-727 


6-451 


227 


713-14 


40470-8 


51529 


11697083 


15-066 


6-100 


' 163 


512'08 


20867-19 


26569 


4330747 


12-767 


6-462 


228 


716-28 


40828-1 


51984 


11852352 


15-099 


6-109 


164 


615-22 


21124 07 


26896 


4410944 


12-806 


5-473 


229 


719-42 


41187-1 


62441 


12008989 


15-132 


6-118 


165 


518-36 


21382-47 


27225 


4492125 


12-845 


6-484 


230 


722-57 


41647*6 


62900 


12167000 


15-166 


6-126 


166 


521-50 


21642-43 


27656 


4574296 


12-884 


6-495 
















167 


624-65 


21904-0 


27889 


4657463 


12-922 


6-606 


231 


725-71 


41909*6 


53361 


12326391 


16-198 


6-135 


, 168 


527-79 


22167-1 


28224 


4741632 


12-961 


5-517 


232 


728-85 


42273-3 


63824 


12487168 


15-231 


6-144 


169 


530-93 


22431-8 


28561 


4826809 


18-000 


5-528 


233 


731-99 


42638-6 


64289 


12649337 


15-264 


6-163 


170 


634-07 


22698-0 


28900 


4913000 


13-038 


6-639 


234 


735-13 


43006-3 


64766 


12812904 


15-297 


6162 
















236 


738-27 


43373-6 


65225 


12977875 


15-329 


6-171 


171 


637-21 


22965-8 


29241 


5000211 


13 076 


6-650 


236 


741-42 


43743-6 


65696 


18144256 


15-362 


6-179 


172 


640-36 


23235-2 


29684 


6088448 


13-114 


6-561 


237 


744-56 


44115 


56169 


13312053 


15 394 


6-188 


173 


648-60 


23506-2 


29929 


6177717 


13-152 


5-672 


238 


747-70 


44488-1 


66644 


13481272 


15-427 


6-197 


174 


546-64 


23778-7 


80276 


6268024 13-190 


5-582 


239 


760-84 


44862-7 


67121 


13651919 


15-459 


6-205 


175 


549-78 


24052-8 


80626 


5359376 13 228 


6-593 


240 


763-98 


45238-9 


67600 


13824000 


15-491 


6-214 


176 


562-92 


24328-6 


80976 


6451776 


13-266 


6-604 
















177 


656-06 ! 


24605-7 


81329 


5646233 


13-304 


6-614 


241 


76712 


45616-7 


68081 


13997621 


16-624 


6-223 


178 


659-20 J 


24884-6 


81684 


5639752 


13-341 


5-625 


242 


760-27 


45996-1 


68564 


14172488 


15-556 


6-231 


179 


562-34 1 


25164-9 


82041 


5735339 


13-379 


5-635 


243 


763-41 


46:177-0 


69049 


14348907 


15-688 


6-240 


180 


666-49 i 


25446-9 


82400 


5832000 


13-416 


5-646 


244 


766-55 


46759-6 


69536 


14526784 


15-620 


6-248 
















245 


769-69 


47143-6 


60025 


14706125 


15-652 


6-257 


181 


568-68 : 


J6730-4 


32761 


5929741 


13-453 


5-656 


246 


772-83 


47529-2 


60516 


14886936 


15-684 


6-265 


182 


571-77 S 


J6015-6 


33124 


6028568 


13-490 


5-667 


247 


776-97 


47916-4 


61009 


15069223 


15-716 


6-274 


183 


574-91 S 


i6302 2 


33489 


6128487 


13-527 


5-677 


248 


77911 


48305-1 


61604 


15252992 


15-748 


6-282 


184 


578-06 i 


J6590-4 


33856 


6229504 


13-564 


6-687 


249 


782-26 


48695-5 


62001 


15438249 


15-779 


6-291 


1B5 


681-19 S 


!6880-3 34226 


6331625 


13-601 


5-698 


250 


785-40 


49087-4 


62600 


15625000 


is-sii 


6-299 
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APPLEBY'S HANDBOOK OF MACHINERY. 



APPROXIMATE RULES. 

B0ILEB8. An ordinary furnace requires 24 lbs. or 300 cubic feet of air for the consumption 
of each lb. of coal, but by means of the fan or steam jet tbe quantity may be reduced to 18 lbs. 
or 220 cubic feet. From 13 to 20 lbs. of fuel may be consumed per square foot of fire-grate, and 
in Gomish, Lancashire, or eg<<>end boilers, about three-fourths of a square foot are required to 
evaporate a cubic foot of water. 

For each nominal horse power a boiLr of any of the types enumerated above requires 
approximately— 



1 cubic foot of water per hour. 
1 cubic yard capacity. 



I square foot of fire-grate surface. 
1 square yard of heating surface. 



FOBMULA FOB FINDINa TBE HEATINa AND GbaTB SuBFACES. 

F = Fire-grate surface in square feet. 
. N = Nominal horse-power. 
H = Heating surface in square feet. 

N2 „ N3 



H= jT 



F = H 



N = V^li 

Fibe-babs should incline from the fire-door downwards at least 1 in 12, and cylindrical 
boilers should be set with an inclination of one-half inch iu 10 feet towards the blow-off cock. 

The Dead Plate of a furnace should be 2 fbet 8 Inches above the floor line of stoke hole. 

Watbb Level in Boilebs. — The least depth of water above the furnace flue should be 
4 inches, and the working depth about 9 inches. 

Pbiaqng.— A large dome or steam chest tends to prevent priming, but a perforated tube in 
which the steam is collected inside the boiler is a still greater aid in this direction. 

The following Fobmula for FiNDma the Abea of Chimneys for Stationabt Boilebs may be 
useful: — 

Q = lbs. of coal consumed per hour. 

U = Heigrht of chimney in feet. 

P = Indicated (not nominal) horse-power of engine. 

A = The area of the top of the chimney in square inches. 

15 Q 15 OP 

^ = 75 ^' "TW' 

The diameter of the base of a chimney should not be less than one-tenth of the height, 

MTTLTITUBULAB BOILEBS (not Marine). Each nominal horse-power requires approxi* 
mately — 



1 cubic foot of water per hour. 

^ square foot of flregrate surface. 
10 square inches sectional area of tubes. 
13 square inches of flue area. 

6 square inches of chimney area. 

Table of the Stbonoest Pbofobtions of Rivetted Joints fob Boilebs. 



2 cubic feet of steam space. 
8 cubic feet total capacity. 
10 square feet of heating sur£etce, if the 
imole tube surface be taken as effective. 



Thickness of Plates. 
Inches. 

i 

i 



Diameter of Rivet. 
Inches. 



1 

9 



Length of Rivet. 

Inches. 
0.85 
1.12 
1.39 
1.68 
2.25 
2.82 
3.37 



Pitch of Rivet. 

Inches. 
1.14 
1.5 
1.55 
1.87 
2.0 
2.5 
3.0 



Lap of Plates. 

Inches. 
1.14 
1.5 
1.76 
2.1 
2.25 
2.82 
3.37 



Table fob finding the Subface of Boileb ob Gondenseb Tubes. 



Diameter of tube in inches 
Surface in square feet per foot run 
Diameter of tube in inches 
Surface in square feet per foot run 
Diameter of tube in inches 
Surface in square feet per foot run 



1 

.0982 


.1309 


i 

.1638 


i 

.1963 


J 
.2291 


1 

.2618 


.2945 


.3270 


.35^9 


.3927 


11 
.4253 


H 
.4580 


li 
.4908 


2 
.5235 


21 
.5563 


2i 
.5890 


21 
.6218 


2J 
.6544 


.6873 


2| 
.7199 


2J 
.7526 


3 

.7853 


.8508 


3^ 
.9158 
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TABLE OF PROPERTIES OF SATURATED STEAM. 



Pressure in lbs. 

per square inch, 

including 

Atmosphere. 


Pressure in lbs. 

per square inch, 

excluding 

Atmo>phere. 


Equivalent 
inches of 
Mercury. 


Prt ssure in 

kilogrammes per 

square 

centimetres. 


Equivalent 
metr s of 
Mercury. 


Number of 
Atmospheres. 


S an M 

III 

d «i 

(Sen&ibi 


[e Heat.) 


ToUl Heat in 

degrees 

Fahienheit, 

latent included. 


Specific Volame 

(compared with 

Water). 


Weight of 1 cubic 

foot of Steam 

in lbs. 


Volume of 1 lb. 
of Steam in 
( ubic feet. 


14-7 


0.0 


29.922 


1.033 


.762 


1.000 


212.0 


100.0 


1178.6 


1642 


.0380 


26.36 


15 


0.3 


30.533 


1.057 


.778 


1.020 


213.1 


100.6 


1178.9 


IHIO 


.0387 


25.85 


16 


1.3 


32.568 


1.124 


.829 


1.088 


216.3 


102.4 


1179.9 


1515 


.0411 


24.32 


17 


2.3 


34.604 


1.195 


.880 


1.156 


219.6 


104.2 


1180.9 


1431 


.04.35 


22.96 


18 


3.3 


36.639 


1.265 


.932 


1.224 


222.7 


105.9 


1181.8 


1357 


.0459 


21.78 


19 


4.3 


38.675 


1.336 


.984 


1.292 


225.6 


107.6 


1183.1 


1290 


.0483 


20.70 


20 


5.3 


40.710 


1.405 


1.037 


1.360 


228.5 


109.2 


1183.5 


1229 


.0507 


19.72 


21 


6 3 


42.746 


1.475 


1.089 


1.428 


231 2 


110.7 


1184.3 


1174 


.0531 


18.84 


22 


7.3 


44.781 


1.545 


1.140 


1.496 


233.8 


112.1 


1185.0 


1123 


.0555 


18.03 


23 


8.3 


4). 817 


1.615 


1.192 


1.564 


236.3 


113.5 


1185.7 


1075 


.0580 


17.26 


24 


9.3 


48.852 


1.687 


1.244 


1.632 


238.7 


114.8 


1186.5 


1036 


.0601 


16.64 


25 


10.3 


50.888 


1.758 


1.296 


1.700 


241.0 


llG.l 


1187.2 


996 


.0625 


15.99 


26 


11.3 


52.923 


1.828 


1.348 


1.768 


243.3 


117.4 


1187.9 


958 


.0650 


15.38 


27 


12.3 


54.959 


1.898 


1.400 


1 .836 


245.5 


118.6 


1188.5 


926 


.0673 


14.86 


28 


13.3 


56.994 


1.969 


1.452 


1.904 


247.6 


119.8 


1189.1 


895 


.0696 


14.37 


29 


14.3 


59.030 


2.039 


1.503 


1.972 


249.6 


120.9 


1189.7 


866 


.0719 


13.90 


30 


15.3 


61.065 


2.108 


1.555 


2.040 


251.6 


122.0 


1190.3 


838 


.0743 


13.46 


35 


20.3 


71.243 


2.459 


1.814 


2.380 


260.9 


127.2 


1193.0 


726 


.0858 


11.65 


40 


25.3 


81.420 


2.811 


2.074 


2.720 


269.1 


131.7 


1195.4 


640 


.0974 


10.27 


45 


30.3 


91.598 


3.162 


2.333 


3.060 


276.4 


135.8 


1197.6 


572 


.1089 


9.18 


50 


.35.3 


101.776 


3.514 


2.592 


3.400 


283.2 


139.6 


1199.6 


518 


.1202 


8.31 


55 


40.3 


111.953 


3.865 


2.852 


3.740 


289.3 


142.9 


1201.5 


474 


.1314 


7.61 


60 


45.3 


122.131 


4.217 


3.111 


4.080 


295.6 


146.4 


1203.2 


437 


.1425 


. 7.01 


65 


50.3 


132.308 


4.638 


3.370 


4.420 


301.3 


149.6 


1204.8 


405 


.1538 


6.49 


70 


55.3 


142.486 


4.919 


3.629 


4.760 


306.4 


152.4 


1206.3 


378 


.1648 


6.07 


75 


60.3 


152.663 


5.270 


3.889 


5.100 


311.2 


155.1 


1207.8 


353 


.1759 


5.68 


80 


65.3 


162.841 


5.622 


4.148 


5.440 


315.8 


157.7 


1209.1 


333 


.1869 


5.35 


85 


70 3 


173.018 


5.973 


4.407 


5.780 


320.1 


160.1 


1210.4 


314 


.1980 


5.05 


90 


75.3 


183.196 


6.325 


4.666 


6.120 


324.3 


162.4 


1211.6 


298 


.2089 


4.79 


95 


80.3 


193.373 


6.676 


4.926 


6.460 


328.2 


164.8 


1212.8 


283 


.2198 


4.55 


100 


85.3 


203.551 


7.027 


5.185 


6.800 


332.0 


166.7 


1213.9 


270 


.2307 


4.33 


110 


95.3 


223.906 


7.730 


5.703 


7.480 


339.2 


170.7 


1216.0 


247 


.2521 


3.97 


120 


105.3 


244.261 


8.433 


6.222 


8.160 


345.8 


174.3 


1218.0 


227 


.2738 


3.65 


130 


115.3 


264.616 


9.136 


6.740 


8.840 


352.1 


177.8 


1219.8 


211 


.2955 


3.38 


140 


125.3 


284.971 


9.909 


7.2.59 


9.520 


357.9 


181.1 


1221.5 


197 


.3162 


8.16 


150 


1S5.3 


305.327 


10.54 


7.778 


10 20 


363.4 


184.1 


1223.2 


184 


.3377 


2.96 


160 


145.3 


325.682 


11.24 


8.296 


10.88 


368.7 


187.1 


1224.8 


174 


.3590 


2.79 


170 


155.3 


346.037 


11.95 


8.814 


11.56 


373.6 


189.8 


1225.1 


164 


.3798 


2.63 


180 


165.3 


366.392 


12.65 


9.333 


12.24 


378.4 


192.4 


1227.7 


155 


.4009 


2.49 


190 


175.3 


386.747 


13.35 


9.851 


12.92 


382.9 


194.9 


1229.1 


148 


.4232 


2.37 


200 


185.3 


407.102 


14.06 


10.37 


13.60 


387.3 


197.4 


1230.3 


141 


.4431 


2.26 


250 


235.3 


508.878 


17.57 


12.70 


17.00 


401.1 


204.8 


1232.3 


114 


.5464 


1.83 


300 


285 3 


610.653 


21.08 


15.55 


20.40 


417.5 


213.9 


1237.1 


96 


.6486 


1.54 


350 


335.3 


712.429 


24.59 


18.14 


23.80 


430.1 


220.9 


1240.8 


88 


.7498 


1.33 


400 


385.3 


814.204 


28.11 


20.74 


27.20 


444.9 


229.1 


1245.1 


73 


.8502 


1.18 


450 


435.3 


915.980 


31.62 


23.33 


30.60 


456.7 


235.7 


1248.6 


66 


.9499 


1.05 


500 


485.3 


1017.75 


35.14 


25.92 


34.00 


467.5 


241.7 


1251.7 


59 


1.0490 


.95 


600 


585.3 


1221.30 


42.16 


31.11 


40.80 


487.0 


252.5 


1257.4 


50 


1.2450 


.80 


700 


685.3 


1424.86 


49.20 


36.29 


47.60 


504.1 


262.0 


1262.4 


43 


1.4395 


.69 


800 


785.3 


1628.41 


5»>.22 


41.38 


54.40 


519.5 


270.5 


1266.9 


38 


1.6322 


.61 


900 


885.3 


18.31.96 


63.25 


46.56 


61.20 


533.6 


278.4 


1271.0 


34 


1.8235 


.55 


1000 


985.3 


2035.51 


70.20 


51.85 


68.00 


546.5 


285.3 


1274.8 


31 


2.0140 


.50 



To Find thb Elastic Fobob of Steam. 



F 

T 





= Force in inches of mercury. 

= Temperature of the steam in degrees 

Fahrenheit. 
= 177 for fresh vater. 



177 . 6 for sea water. 
185. 6 for water satu- 
rated with salt. 



-=(H^> 
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APPLEBY'S HANDBOQIC OF MACHINERY. 





TABLE OF STEAM USED EXPAiWlVELY. 




Tnitial 
pressure in 


Average Pressure of Steam in lb& per square inch throughout the Stroke. 


lbs. per 






square inch. 


Portion of Stroke at which Steam is cnt off. 






i 


« 


i 


1 


i 


i " 


5 


4.8 


4.6 


4.2 


8.7 


2.9 


1.9 


10 


9.6 


9.1 


8.4 


7.4 


5.9 


8.8 


15 


14.4 


13.7 


12.7 


11.1 


8.9 


5.7 


20 


19.2 


18.3 


16.9 


14.8 


11.9 


7.6 


25 


24.1 


22.9 


21.1 


18.5 


14.9 


9.5 


80 


28.9 


27.5 


25.4 


22.2 


17.9 


11.5 


85 


83.8 . 


82.1 


29.6 


25.9 


20.8 


13.4 


40 


88.5 


86.7 


83.8 


29.6 


23.8 


15.4 


45 


43.4 


41.3 


88.1 


33.8 


26.8 


17.3 


50 


48.2 


45.9 


42 3 


37.0 


29.8 


19.2 


60 


57.8 


55.1 


50.7 


44.5 


85.7 


23.1 


70 


67.4 


64.3 


59.2 


52.4 


41.7 


26.9 


80 


77.1 


73.5 


67.7 


59.3 


47.7 


80.8 


90 


86.7 


82.6 


76.1 


66.7 


53.6 


84.6 


100 


96.3 


91.8 


84.6 


74.1 


69.6 


88.4 


110 


106.0 


101.0 


93.1 


81.5 


65.6 


42.5 


120 


115.2 


110.2 


101.5 


89.4 


71.5 


46.1 


130 


125.4 


119.1 


110.0 


95.3 


77.5 


50.0 


140 


134.9 


' 128.6 


118.5 


103.8 


83.3 


53.8 


150 


144.7 


137.8 


126.4 


111.2 


89.4 


57.7 


160 


153.6 


147.0 


135.4 


118.2 


95.4 


61.5 


180 


173.5 


164.6 


152.3 


132.9 


107.3 


69.2 


200 


192.7 


183.7 


169.3 


148.3 


119.3 


76.9 



To find the pressure at the end, or at any point of the stroke, in the cylinder of an expansive 
engine. 

P = Initial pressure of steam, in lbs. per square inch. 

D = Distance travelled by piston before steam is cut off. 

L = Distance travelled by the piston when the pressure of the steam = A. 

A = Pressure of steam in the cylinder when piston has travelled a distance = L* 



Then A = 



PD 



and L = 



PD 



L -"- -^ - A • 
The formula used to find the numbers in the Table above is as follows: — 
L = Length of the sfrok e, in inches. 
D = Distance the piston has travelled when steam is cut off, in inches. 

B = Batio of expansion = -^ 

H = Hyperbolic logar ithm of B (see Table below). 
P = Initial pressure of steam, in lbs. per square inch. 
M = Mean pressure during whole of stroke, in lbs. per square inch. 

M = P(H+1) 



L 

I" 


B 

10 
8 
5 
4 

8.33 
2.66 
2.5 
2 


H 

2.302 

2.079 

1.609 

1.386 

1.203 

.978 

.916 

.693 


L 

;: 


B 

1.66 
1.60 
1.42 
1.33 
1.25 
1.14 
1.11 


H 

.507 
.470 
.351 
.285 
.223 
.131 
.104 



1 atmosphere equals 14.71 lbs. per square inch, or 15 lbs. approximately. 

„ „ 29.92inchesof mercury, or 83.9 feet of water. 

An approximate rule for finding the nominal horse-power of a single-cylinder engine is : 
square the diameter of cylinder in inches and divide the product by ten. 
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COMPARATIVE EVAPORATIVE VALUE OP FUELS. 

The feed water being 212^ Fahienheit when it enters the boiler, the following results were 
obtained from the consumption of 1 lb. of the undermentioned faels. The first eight give the 
average of many samples tested by Messrs. Delabtehe and Flayfair. 



Welsh ooal 


Specific Gravity. 


lbs. of water evaporated. 


Conpanttiye 
vala s. 


1.315 


9.051 




1.000 


Newcastle ooal 


1.256 


8.01 




0.885 


Derby and York coal 


1.292 


7.58 




0.837 


Lancashire coal 


1.273 


7.94 Si>_ i._.^i 


0.877 


Scotch coal.. 


1.260 


7.70 


' Mjy nuu-* 


0.851 


British average 


1.290 


8.13 




0.898 


Irish Anthracite .. 


1.590 


9.85 




1.088 


Patent fuels 


1.167 


9.20 




1.016 


French coal (average) 


1.310 


8.00\ 


0.884 


Lignites (average) 


1.198 


6.66/ 


0.736 


Well dried peat 


1.300 


4 521 

9.00 f-^^^^^' 


0.500 


Coke (average) 


0.750 


0.995 


viaK . • •• •• •• *• •• 


0.930 


4.521 


0.500 


Pine 


0.660 


2.5 ; 


0.276 



WATER POWER. USEFUL MEMORANDA RELATING TO HYDRAULIOS. 



1 cubic foot of fresh water weighs 62.425 lbs. 

= 557 cwt., or .028 ton. 
1 cubic foot of sea water weighs 64.11 lbs. = 
572 cwt., or .0286 ton. 
cubic inch of fresh water weighs .03612 lb. 
gallon of fresh water weighs 10 lbs. 
gallon of water contains 277 . 27 cubic inches. 
1 cubic foot of water contains 6 . 24 gallons. 
1 ton of water contains 35.9 cubic feet (ap- 
proximately 1 cubic metre). 



1 foot in head gives a pressure of .4335 lb. per 

square inch. 
Inches of ramfall x 2323200 give cubic feet 

per square mile. 
Inches of rainfall x 14500000 give gallons per 

square mile. 
Inches of rainfall X 3630 give cube feet per 

acre. 
1 inch of rainfall is approximately 100 tons 

per acre. 



TABLE OP THEORETICAL VELOCITY AND PRESSURES DUE TO 

VARIOUS HEADS. 





Velocity In 


Vdocltyln 


Frearare 


Piresgare 




Velodtyin 


Velocity in 


Pressnre 


Presanre 


Head in 


feet 


feet 


InlbB. 


in cwt. 


Head in 


feet 


feet 


in lbs. 


in cwt 


feet. 


per sec. 


per mia. 


per sq. in. 


persq.ft 


feet 


per see. 


per min. 


per sq. in 


persq.lt 


1 


8. 


482 


.43 


.55 


35 


47 


2851 


15.1 


19.5 


2 


11.3 


681 


.87 


1.11 


40 


51 


3048 


17.3 


22.3 


3 


13.9 


835 


1.3 


1.67 


50 


57 


3408 


21.7 


27.8 


4 


16. 


964 


1.73 


2.23 


60 


62 


3733 


26 


33.4 


5 


18. 


1078 


2.17 


2.78 


70 


67 


4032 


30.3 


39 


6 


19.7 


1180 


2.6 


3.34 


80 


72 


4311 


34.7 


44.5 


8 


23. 


1363 


3.47 


4.45 


90 


76 


4573 


39 


50.1 


10 


25. 


1524 


4.33 


5.57 


100 


80 


4820 


43.3 


55.7 


12 


28. 


1669 


5.2 


6.68 


125 


90 


5389 


54 


69.6 


15 


31. 


1866 


6.5 


8.36 


150 


98 


5903 


65 


83.6 


18 


34. 


2045 


7.8 


10.03 


175 


106 


6466 


76 


97.5 


20 


36. 


2155 


8.7 


11.14 


200 


113 


6816 


87 


111 


25 


40. 


2410 


10.8 


13.93 


250 


127 


7621 


108 


139 


30 


44. 


2640 


13. 


16.71 


300 


139 


8348 


130 


167 



To find the numbers in the above Table for heads not given. 

V = Velocity in feet per second (theoretical). I H = Head of water. 

T = Velocity in feet per minute (theoretical). | P = Pressure in lbs. per square iuclu 

P=HX.4335 V = 8.025 VH T = 482 ^ H. 
H = .0155 V8 H = P X 2.307. 

Pressure in lbs. per square foot = H X 62.4. 



